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SUMMARY 

A gas sample i s  ex t r ac t ed  a t  a constant  r a t e  from the 
source; moisture i s  removed from the sample s t r e a m  and determined 
e i t h e r  vo lumetr ica l ly  o r  grav imet r ica l ly .  

This Reference Method i s  used f o r  the accurate  determination 
of  moisture con ten t  (as  needed t o  ca l cu la t e  emission d a t a )  of 
s t a c k  gas. The Reference Method is of ten  conducted simultane- 
'ously with a p o l l u t a n t  emission measurement run ;  when it i s ,  
;calculat ion o f  pe rcen t  i ' sok ine t ic ,  p o l l u t a n t  emission r a t e ,  e t c .  , 
f o r  the  run s h a l l  be based upon t h e  r e s u l t s  of the  Reference 
Method o r  i t s  equiva len t .  A l t e rna t ive  methods capable of y ie ld-  
i n g  r e s u l t s  w i th in  1% water of the  Reference Method may be used, 
s u b j e c t  t o  t h e  approval of  the adminis t ra tor .  

Note: The Reference Method may y i e l d  quest ionable  r e s u l t s  
when applied t o  s a t u r a t e d  gas streams o r  t o  gas streams t h a t  
conta in  water d r o p l e t s .  Therefore,  when these  condi t ions  e x i s t  
or are suspected, a second method f o r  determining t h e  moisture 
conten t  s h a l l  be used simultaneously with t h e  Reference Method, 
as follows. Assume t h a t  t h e  gas stream is  sa tu ra t ed .  Attach a 
temperature sensor  capable of measuring t o  *l0C ( 2 O F )  t o  the 
Reference Method probe. Measure t h e  s tack  gas temperature a t  
each t r ave r se  p o i n t  during the  Reference Method t r a v e r s e ;  calcu- 
l a te  t h e  average s t a c k  gas temperature. Next, determine the 
moisture percentage e i t h e r  by using a psychrometric char t  and 
making appropr ia te  co r rec t ions  i f  s tack  pressure  i s  d i f f e r e n t  
from t h a t  of t h e  c h a r t  o r  by using sa tu ra t ion  vapor pressure  
tables. In  cases  where the  psychrometric c h a r t  o r  t h e  s a t u r a t i o n  
vapor pressure tables are n o t  appl icable  (based on eva lua t ion  of 
t h e  process) ,  a l t e r n a t e  methods, sub jec t  t o  the  approval of the 
adminis t ra tor ,  s h a l l  be used. 

The procedure described i n  Method 5 for  determining 
moisture conten t  i s  acceptable  as a Reference Method. 
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The Method Description which follows is based on the method 
promulgated in the Federal Register, Vol. 42, No. 160, August 18, 
1977. 

A complete copy of the Reference Method is contained in 
Section 3.3.10. References 1 and 2 in Section 3.3.11 were used 
in the subsections concerning the description, calibration, and 
maintenance of the sampling train. Data forms are provided in 
Section 3.3.12 for the convenience of the Handbook user. 

I .  
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METHOD HIGHLIGHTS 
Method 4 i s  a gaseous sampling method f o r  t h e  determinat ion 

of water vapor con ten t  of s t ack  gas. This method r equ i r e s  fewer 
q u a l i t y  con t ro l  a c t i v i t i e s  than t h e  o ther  methods i n  t h i s  Hand- 
book. Since moisture i s  co l l ec t ed  as a gas ,  the  ana lys i s  i s  no t  
e a s i l y  biased; furthermore,  water vapor is not  a regula ted  pol -  
l u t a n t .  However, an accura te  determination of  moisture c o n t e n t  
is  usua l ly  needed t o  s e t  and determine the  i s o k i n e t i c  sampling 
rate and a l s o  t o  perform emission da ta  ca l cu la t ions .  The accu- 
racy and prec is ion3  of t h e  method have been demonstrated t o  be 
acceptable except  when appl ied t o  sa tu ra t ed  gas streams o r  t o  
streams t h a t  conta in  water d rop le t s .  

The blank d a t a  forms a t  t h e  end of t h i s  s e c t i o n  may be re- 
moved from t h e  Handbook and used as check l i s t s  during t h e  pre-  
t e s t ,  f i e l d  sampling, and p o s t t e s t  operat ions.  Each form has a 
s u b t i t l e  ( e .g . ,  Method 4, Figure 2 . 5 )  t o  a i d  the  use r  i n  l o c a t i n g  
a s i m i l a r  f i l l e d - i n  form i n  t h e  Method Description. Items/param- 
e t e r s  t h a t  can cause s i g n i f i c a n t  e r r o r  a r e  designated w i t h  an 
a s t e r i s k  on each form. 

1. Procurement of Equipment - Section 3 . 3 . 1  (Procurement 
of Apparatus and Suppl ies )  gives  t h e  s p e c i f i c a t i o n s ,  c r i t e r i a ,  
and design f e a t u r e s  f o r  equipment and mater ia l s  required f o r  per -  
forming Method 4 tests. The sampling apparatus has t h e  same 
design c r i t e r i a  a s  Method 5 with the  exception t h a t  a p i t o t  tube 
system and sample nozzle  a r e  no t  required f o r  c o l l e c t i n g  t h e  
sample. T h i s  s e c t i o n  i s  designed as  a guide i n  t h e  procurement 
and i n i t i a l  check of equipment and suppl ies .  The a c t i v i t y  m a t r i x  
(Table 1.1) a t  t h e  end of Sect ion 3.3.1 can be used a s  a q u i c k  
reference,  and follows the same order  a s  t he  wr i t t en  d e s c r i p t i o n s  
i n  t h e  main t e x t .  

2 .  Pretest  Preparat ions - Section 3 . 3 . 2  (Ca l ib ra t ion  of 
Apparatus) provides a step-by-step descr ip t ion  of t h e  r equ i r ed  
c a l i b r a t i o n  procedures.  The c a l i b r a t i o n  of t h e  M e t h G d  4 

equipment i s  s i m i l a r  t o  t h a t  of Method 5 w i t h  t h e  exception t h a t  
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Method 4 sampling i s  performed a t  a c o n s t a n t  r a t e  n o t  i n  excess  
o f  0.021 m3/min (0.75 f t3/min) .  The c a l i b r a t i o n  s e c t i o n  can be 
removed and compiled,  a long  wi th  c a l i b r a t i o n  s e c t i o n s  f o r  a l l  
o t h e r  methods, i n t o  a s e p a r a t e  q u a l i t y  assurance r e fe rence  manual 
f o r  use  by c a l i b r a t i o n  personnel .  A pretest c h e c k l i s t  ( F i g u r e  
2 . 5 )  o r  s imi la r  form should be used t o  summarize t h e  c a l i b r a t i o n  
d a t a .  

Sec t ion  3 .3 .3  (Presampling Opera t ions)  provides  t h e  tester 
w i t h  a guide f o r  s u p p l i e s  and equipment p r e p a r a t i o n  f o r  f i e l d  
tests.  Sample impingers  may be charged i n  t h e  base  l a b o r a t o r y  as 
long  as the  w a t e r - f i l l e d  impinger s e c t i o n  and s i l i c a  g e l  impinger  
a r e  each t i g h t l y  capped. The p r e t e s t  p r e p a r a t i o n  form ( F i g u r e  
3 . 1 )  can be used a s  an equipment checkout  and packing l i s t .  An 
important  i t e m  i n  the p r e t e s t  p r e p a r a t i o n  i s  t h e  de t e rmina t ion  o f  
s t a c k  gas  s a t u r a t i o n  o r  water d r o p l e t  con ten t .  Under these con- 
d i t i o n s ,  a s p e c i a l l y  c a l i b r a t e d  s tack gas  temperature  s e n s o r  i s  
requ i r ed  f o r  mois ture  de te rmina t ion .  The  methods f o r  packing 
and t h e  d e s c r i p t i o n s  o f  packing c o n t a i n e r s  should he lp  p r o t e c t  
the  equipment, b u t  are n o t  r equ i r ed .  

3 .  On-Site Measurements - Sec t ion  3 .3 .4  (On-Site Measure- 
ments) con ta ins  a s tep-by-step procedure f o r  performing sampling 
and sample recovery.  T e s t i n g  i s  performed a t  a c o n s t a n t  r a t e  n o t  
t o  exceed 0 . 0 2  m3/min (0 .75  f t  /min).  When the  s t a c k  gas  i s  sus-  
pec ted  o f  be ing  s a t u r a t e d  o r  having water d r o p l e t s ,  t h e  a d d i t i o n -  
al n ~ f i ~ ~ ~ ~ 1 ~ ~  f o r  a c r u r a t e l v  measurj nu the s t q r k  temperature  t o  
determine the  moisture  c o n t e n t  w i th  the s a t u r a t e d  vapor p r e s s u r e  
3 - A  -7%solute s t a c k  temperature  must be performed and compared 
w i t h  t h e  Reference Method. The o n - s i t e  measurement c h e c k l i s t  
(F igu re  4 . 4 )  i s  provided t o  a s s i s t  t h e  t es te r  wi th  a quick method 
f o r  checking requirements .  

4. P o s t t e s t  Operat ions - Sec t ion  3 .3 .5  (Postsampling Oper- 
a t i o n s )  gives  t h e  p o s t t e s t  equipment check procedures .  F i g -  

u r e  5 . 1  o r  a s i m i l a r  form should be used t o  provide a summary 
of  t h e  p o s t t e s t  c a l i b r a t i o n  checks,  and should be inc luded  i n  
the  emission test r e p o r t .  N o  c o n t r o l  samples a r e  r equ i r ed  f o r  

3 



Section No. 3 . 3  
Revision No. 0 
Date January 15, 1980 
Page 6 of 11 

analysis since the analysis is only a gravimetric or volumetric 
determination of a sample which is large enough to provide an 
easy determination. 

Section 3 . 3 . 6  (Calculations) provides the tester with the 
required equations, nomenclature, and suggested number of 
significant digits. It is suggested that a programmable calcu- 
lator be used if available to reduce the chance of calculation 
error. 

Section 3.3.7 (Maintenance) provides the tester with a guide 
for a routine maintenance program. This program is not required, 
but if performed, should reduce malfunctions. 

5. Auditing Procedure - Section 3 . 3 . 8  (Auditing Proce- 
dure) provides a description of necessary activities for con- 
ducting performance and system audits. A performance audit of 
the data processing and a systems audit of the on-site measure- 
ments should provide independent assessments of the quality 
of data needed to allow the collaborative test results to be 
used in the final data evaluation. 



Section N o .  3 . 3  
Revision N o .  0 
Date January 15, 1980 
Page 7 of 11 

PRETEST SAMPLING CHECKS 
(Method 4 ,  F i g u r e  2 . 5 )  

Date Cal i b r  ated by 

Meter box number AH@ 

Dry Gas Meter* 

(within 2% of the  average - Pretest  c a l i b r a t i o n  f a c t o r  
f ac to r  f o r  each c a l i b r a t i o n  r u n )  

Impinger Thermometer 

Was a p r e t e s t  temperature cor rec t ion  used? Y e s  no 
I f  yes, temperature co r rec t ion  (within 2OC (4OF) of  
reference va lue)  

Dry Gas Meter Thermometer 

Was a p r e t e s t  temperature cor rec t ion  made? Y e s  no 
I f  yes, temperature co r rec t ion  (wzthin 6OC (10.8OF) of 
reference va lue )  

Barometer - 

Was the  p r e t e s t  f i e l d  barometer reading cor rec t?  ____ yes - no 
Stack Gas Temperature Sensor ( i f  required)* 

Was a temperature sensor  required f o r  moisture determination pur- 
poses? Y e s  no 

Was a p r e t e s t  temperature cor rec t ion  used?  Y e s  no 
I f  yes,  temperature co r rec t ion  (within * l 0 C  (2OF) over  
t he  e n t i r e  range) 

D i d  t he  temperature sensor  agree with t h e  reference thermometer 
(within fl°C (2OF) over the range of loo t o  82OC (50' t o  
180°F))? Y e s  no 

*Most s i g n i f i c a n t  items/parameters t o  be checked. 



Apparatus check 
Probe type 

Boros i l ica te  
g l a s s  

Quartz 
g l a s s  

Other 
Heater and leak  

- 

checked* 
F i l t e r  

In-stack 
Out-stack 
G l a s s  wool 
Other 

1 mp inger  s 
Other 

Condenser 

Coolinq System 
Ice bath 
Other 

Metering System 

Vacuum gauge I 
Checked* 

Pump 

Leak 
checked* 

Thermometers - 
Calibrated" - 

Dry gas 
meter 

Calibrated* - 
Other 

*Most s i g n i f i c a n t  

(continued) 
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PRETEST PREPARATION CHECKLIST 
(Method 4 

Acceptable 
Y e s  No 

- ---- 
Figure 3 .1)  
I 

Quantity 
reauired 

R e  i 
Y e s  

---- 

I__._ 

-II_ 

ly 
N o  
-II 

.tems/parameters t o  be checked. 

Packed and 
loaded 

Y e s  No - 

.--= 

c'-' 1 



Figure 3.1 (continued) 

Apparatus check 

Barometer 
Mercury 
Aneroid 
Other 

- Calibrated* 
Quantitative 
Instrument 
Graduated 
cylinder 

T r i p  
balance 
Calibrated* - - 
Stack Temperature 
Sensor* 

Calibrated 

Acce table 
+K 

-7- I 
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I I 

ded 
No 

and 

*Most significant items/parameters to be checked. 
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ON-SITE MEASUREMENT CHECKLIST 
(Method 4, Figure 4.1) 

Procedure used: Reference Approximate 

Reference Method 

Conducted simultaneously with pollutant emission test? 

Impingers properly placed?* 

Impinger content: 1st 2nd 3rd 

4th Modifications 

Cooling System: Crushed ice Other 

sampling time per point 

Probe heater (if applicable) on? Temp 

Crushed ice in ice bath? 
*. . 

Leak check? (optional) Leakage rate 

Sampling rate constant (within lo%)?* 

All data properly recorded?* 

Posttest leak check?* (mandatory) 

Leakage rate* 

Analysis - Impinqer Content 
Method: Volumetric Gravimetric 

Measurement of volume of water condensed: 

Graduated cylinder Other 

Measurement of silica gel: Balance Other 

Color of silica gel? Condition 

All analytical data properly recorded? 

*Most significant items/parameters to be checked. 
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POSTTEST EQUIPMENT CHECKS 
(Method 4 ,  Figure 5 .1 )  

Dry Gas Meter 

Pretest c a l i b r a t i o n  f a c t o r  Y 
P o s t t e s t  checks, Y1 

Recal ibrat ion required? 

Lower c a l i b r a t i o n  f a c t o r  Y 

(must  be within * 2 % ) *  
(must be within &5% of 

Y e s  no 
(must  be within *2%)* 

f o r  ca l cu la t ions  ( p r e t e s t  

y2 p r e t e s t )  

I f  yes ,  r e c a l i b r a t i o n  f a c t o r  Y 

o r  p o s t t e s t ) *  

Dry Gas Thermometer 

no yes 
(within f3OC (5.4OF) 

(wi th in  +6OC ( 1 0 . 8 O F )  a t  room temperature) 
Y e s  no 

(wi th in  

Was a p r e t e s t  meter temperature correcton used? 
I f  yes ,  temperature cor rec t ion  
over range)* 

P o s t t e s t  comparison with mercury-in-glass thermometer 

Recal ibrat ion required? 
Recal ibrat ion temperature cor rec t ion ,  if used 

- 

f 3 O C  (5.4OF) over range)* 
I f  yes ,  no co r rec t ion  is  necessary f o r  ca l cu la t ions  when meter 
thermometer temperature i s  higher 
I f  r e c a l i b r a t i o n  temperature is higher ,  add co r rec t ion  t o  aver- 
age meter temperature f o r  ca l cu la t ions  

Barometer 

Was p r e t e s t  f i e l d  barometer reading co r rec t ?  
P o s t t e s t  comparison 

yes 
mm ( i n . )  Hg [within f2.5 

(0 .1  i n . )  Hg of mercury-in-glass barometer reading] 

I f  yes ,  no co r rec t ion  i s  necessary f o r  ca l cu la t ions  when the  
f i e l d  barometer has the lower reading 
If  t h e  mercury-in-glass reading is lower, then s u b t r a c t  t h e  
d i f f e rence  from the f i e l d  da ta  readings for the c a l c u l a t i o n  

Was r e c a l i b r a t i o n  required? Y e s  

no 
mm 

no 

Stack Gas Temperature Sensor ( i f  requi red)  

P o s t t e s t  comparison [within f 2 O C  (4OF) of  re ference  
values  1 * 

no 
Was r e c a i i b r a t i o n  required? Y e s  

*Most s i g n i f i c a n t  items/parameters t o  be checked. 
.. . 
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1.0 PROCUREMENT OF APPARATUS AND SUPPLIES 
A schematic of the sampling train used in Method 4 is shown 

in Figure 1.1. Commercial niodels of this train are available. 
For those who desire to build their own, construction details 
are published in APTD-0581. Allowable modifications are de- 
scribed in the following sections. 

The operating, maintenance, and calibrating procedures for 
the sampling train are in APTD-0576.2 Since correct usage is 
important to obtaining valid results, all users should read the 
document and adopt the procedures unless alternatives a re  out- 
lined herein. 

Applicable specifications , criteria, and/or design features 
are in this section to aid in the selection of equipment which 
assures collection of data of good quality. Procedures and 
limits (where applicable) for acceptance checks are given. The 
descriptive title, the identification number (if applicable), and 
the results of the acceptance check are recorded in the procure- 
ment log, which is dated and signed hy the individual performing 
the check. An example of a procurement log is shown in 
Figure 1.2, and a blank copy of the log is in Section 3.3.12 for 
the  convenience of the Handbook user. If calibration is required 
as p a r t  of the acceptance check, the data are to be recorded in a 
calibration log. Table 1.1 at the end of this section is a sum- 
mary of the quality assurance a c t i v i t i e s  for the procurement and 
acceptance of apparatus and supplies. 
1.1 - Sampling Apparatus 
1.1.1 Probe - T h e  sampling probe should be a borosilicate 
(Pyrex), quartz glass, or stainless steel tubing with an outside 
diameter (OD) of about 16 mm (0.625 in.), and it should be en- 
cased in a stainless steel  shea th  with an OD of 25 .4  nun (1 in.). 
Alternatively, other metals or plastic tubing may be used  if 
approved by the administrator. 
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E i the r  b o r o s i l i c a t e  o r  quartz  g l a s s  l i n e r s  may be used for 
s t ack  temperatures up t o  about 480OC (900°F), b u t  quartz  glass 
l i n e r s  should be used from 480' t o  900°C (900' t o  1650OF). 
Ei the r  type of  l i n e r  may be used a t  t he  higher temperatures f o r  
s h o r t  periods of t i m e  wi th  adminis t ra tor  approval. However, the 
absolute  upper l imi t s - - the  sof ten ing  temperatures of 8 2 O O C  

(1508'F) and 1500'C (2732'F)--for b o r o s i l i c a t e  and quartz  respec- 
t i v e l y  must be observed. 

A heat ing system is  requi red  which w i l l  maintain an e x i t  gas  
temperature o f  120' f14'C (248O f25'F) during sampling. Other 
temperatures may be s p e c i f i e d  by a subpart  of t h e  r egu la t ions  and 
must be approved by t h e  adminis t ra tor  f o r  a p a r t i c u l a r  appl ica-  
t i o n .  Since t h e  a c t u a l  probe o u t l e t  temperature i s  n o t  u s u a l l y  
monitored during t h e  sampling, probes constructed i n  accordance 
t o  APTD-05811 and u t i l i z i n g  t h e  c a l i b r a t i o n  procedures i n  
APTD-05762 w i l l  be acceptable .  

Upon rece iv ing  a new probe, t he  user  should v i s u a l l y  check 
it f o r  s p e c i f i c a t i o n s :  t h a t  is, is  it t h e  length and composition 
ordered? The probe should be v i s u a l l y  checked f o r  breaks o r  
cracks,  and it should be checked f o r  leaks on a sampling t r a i n  
(Figure 1.1). The probe hea t ing  system should be checked as 
follows: 

1. Connect t h e  probe with a nozzle a t tached t o  t h e  i n l e t  
of t h e  pump. 

2 .  E l e c t r i c a l l y  connect and tu rn  on the  probe hea te r  f o r  2 
o r  3 min. The probe should become warm t o  t h e  touch. 

S t a r t  t h e  pump and a d j u s t  the  needle valve u n t i l  a flow 
r a t e  of about 0 . 0 2  m /min (0 .75  f t  /min) i s  achieved- 

4. Be s u r e  t h e  probe remains w a r m  t o  t h e  touch. The 
hea ter  should be capable of maintaining t h e  e x i t  a i r  temperature  
a t  a minimum of  100°C (212OF) under these  condi t ions.  I f  it can- 
not ,  t he  probe should be r epa i r ed ,  returned t o  t h e  s u p p l i e r ,  o r  
re] ected.  
1.1.2 Condenser - Four impingers should be connected i n  series 
with leak - f r ee  ground-glass f i t t i n g s  o r  any s i m i l a r l y  l e a k - f r e e  

3 .  
3 3 
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noncontaminating f i t t i n g s .  The f i r s t ,  t h i r d ,  and four th  imping- 
e r s  must  be t h e  Greenburg-Smith design modified by rep lac ing  the 
i n s e r t s  with an unconstricted 13  mm ( 0 . 5  i n . )  I D  g l a s s  tube 
extending t o  within 1 3  mm ( 0 . 5  i n . )  of t he  f l a s k  bottom. The 
second impinger m u s t  be a Greenburg-Smith w i t h  the standard t i p  
and p l a t e .  Modifications--for example, using f l e x i b l e  connec- 
t i o n s  between impingers, using mater ia l s  o ther  than g l a s s ,  o r  
using a f l e x i b l e  vacuum hose t o  connect t h e  f i l t e r  holder t o  the 
condenser--may be used i f  approved by t h e  adminis t ra tor .  The 
four th  impinger o u t l e t  connection must  a l low i n s e r t i o n  of a 
thermometer capable of measuring fl°C (2OF) of t r u e  value i n  the 
range of  O o  t o  2 5 O C  (32 '  t o  77OF).  

Al te rna t ive ly ,  any system t h a t  cools  t h e  gas stream and 
allows measurement of t he  condensed water and the  water vapor 
leaving the  condenser, each t o  within 1 ml o r  1 g ,  may be used  
with approval o f  t h e  adminis t ra tor .  

Upon r e c e i p t  o f  a standard Greenburg-Smith impinger, the  
u s e r  should f i l l  t h e  inner  tube with water. I f  t he  water does 
n o t  d r a i n  through t h e  o r i f i c e  i n  - ( 6  t o  8 s ,  the  impinger t i p  
should be replaced o r  enlarged t o  prevent an excessive pres-  
sure  drop i n  t h e  sampling system. Each impinger should be 
checked v i s u a l l y  f o r  damage--breaks, o r  cracks,  o r  manufacturing 
flaws such as poorly shaped connections. 
1.1.3 Temperature Gauge - A thermometer capable of measuring 
within 1°C (2OF) is  located a t  the  o u t l e t  of the four th  impinger. 
The thermometer should be checked upon receipt f o r  damage--fos 
example, dents ,  bent  stem, broken face.  
1 . 1 . 4  Coolinq System - An ice bath container  and crushed ice  ( o r  
equiva len t )  a r e  needed f o r  condensing the  moisture. 
1.1.5 Metering System - The metering system should c o n s i s t  of a 
vacuum gauge; a leak- f ree  vacuum pump; thermometers capable of 
measuring f 3 O C  (5.4OF) o f  t r u e  value i n  t he  range of Oo t o  9 0 ° C  

( 3 2 O  t o  194OF);  a dry gas meter w i t h  2% accuracy a t  t h e  required 
sampling r a t e ;  and r e l a t e d  equipment a s  shown in Figure 1.1. 
Other metering systems capable of  maintaining sampling r a t e s  
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within 10% of cons tan t  r a t e  and capable of determining sample 
volumes t o  wi th in  2% may be used i f  approved by the  administra- 
t o r .  Sampling t r a i n s  w i t h  metering systems designed f o r  sampling 
r a t e s  higher than  t h a t  described i n  APTD-05811 and APTD-0576 may 
be used if t h e  above spec i f i ca t ions  can be met. 

Upon r e c e i p t  o r  a f t e r  construction of the  equipment, t h e  
u s e r  should perform both pos i t i ve  and negative pressure  leak  
checks before beginning t h e  system ca l ib ra t ion  procedure de- 
scr ibed i n  Sect ion 3 .3 .2 .  Any leakage requires  r e p a i r  o r  re- 
placement o f  t h e  malfunctioning i t e m .  
1 . 1 . 6  D i f f e r e n t i a l  Pressure Gauge - The d i f f e r e n t i a l  p ressure  
gauge should be an inc l ined  manometer o r  t he  equivalent  t o  
measure the  o r i f i c e  pressure d i f f e r e n t i a l .  

I n i t i a l l y ,  check t h e  gauge against  a gauge-oil manometer a t  
a minimum o f  t h r e e  poin ts :  0 .64  mm (0 .025  i n . ) ;  1 2 . 7  mm (0 .5  

i n . ) ;  and 25.4 mm ( 1 . 0  i n . )  H20. The gauge should agree wi th in  
5% of the gauge-oil manometer. Repair o r  re turn  t o  the supp l i e r  
any gauge which does n o t  meet these requirements. 
1 . 1 . 7  Barometer - A mercury,  aneroid, o r  other  barometer capable 
of measuring atmospheric pressure t o  within 2.5 mm ( 0 . 1  i n . )  Hg 
i s  required.  

A preliminary check of a new barometer should be made 
aga ins t  a mercury-in-glass barometer o r  t he  equivalent .  In l i e u  
of t h i s ,  t h e  absolute  barometric pressure may be obtained from a 
nearby weather s e rv i ce  s t a t i o n  and adjusted f o r  t h e  e l eva t ion  
difference between t h e  s t a t i o n  and the  sampling po in t .  E i t h e r  
sub t r ac t  2 . 5  mm Hg/30 m ( 0 . 1  i n .  Hg/100 f t )  f o r  an e l eva t ion  in -  
crease o r  add t h e  same f o r  an e leva t ion  decrease from the  s t a t i o n  
value. I f  the  barometer cannot be adjusted t o  agree wi th in  
2 . 5  mm ( 0 . 1  i n . )  Hg of t h e  reference barometric pressure ,  it 
should be returned t o  t h e  manufacturer. 
1.1.8 Graduated Cylinder and/or T r i p l e  Beam Balance - A gradu- 
ated cyl inder  o r  t r i p l e  beam balance may be used t o  measure t h e  
water condensed i n  the impingers during sampling. Addit ional ly ,  

2 
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t he  graduated cy l inder  may be used t o  measure the water i n i t i a l l y  
placed i n  the  f i r s t  and second impingers. In e i t h e r  case,  t h e  
required accuracy is 1 ml o r  1 g; therefore ,  the cyl inder  must  
have subdivisions - < 2  m l ,  and the  t r i p l e  beam balance i s  usua l ly  
capable of weighing t o  the nea res t  0 . 5  g .  

1.1- 9 Stack G a s  Temperature Sensor - A thermocouple , thermom- 
eter ,  o r  equivalent ,  for measuring t h e  s tack gas temperature 
within fl°C (2OF) i s  required when the  gas stream i s  suspected o f  
being sa tu ra t ed  o r  containing water drople t s .  This accuracy 
should be i n  the  range of about 10° t o  8 2 O C  (50 '  t o  1 8 0 O F ) .  Upon 
r e c e i p t  check t h e  s p e c i f i c a t i o n s  and c a l i b r a t e  a s  described i n  
Section 3 .3 .2 .  



Apparatus 
and 

s u p p l i e s  

Sampling probe 
l i n e r  

----- 

D i f f e r e n t i a l  
p r e s s u r e  
gauge 
(manometer ) 
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Table 1.1 ACTIVITY MATRIX FOR PROCUREMENT AND 
ACCEPTANCE OF EQUIPMENT 

Vacuum gauge 

~~ 

Vacuum pump 

O r i f i c e  meter 

Impinge r s 

( c on t i nue d ) 

Acceptance l imi t s  

S p e c i f i e d  m a t e r i a l  of  
c o n s t r u c t i o n ;  equipped 
w i t h  h e a t i n g  system 
capab le  of ma in ta in ing  
120' 214OC ( 2 4 8 O  +25'F) 

Meet c r i t e r i a  (Method 2. 
Sec 3.1.2);  agree 
w i t h i n  5% of gauge-oi l  
manometer 

I_ - 

- 

Range 0-760 mm (0-30 
i n . )  22.5 mrn (0 .1  i n . )  
Hg a t  380 mm (15 i n . )  
Hg -__---_- __ 

Leak f r e e  and capable  
o f  ma in ta in ing  a f l  w 
r a t e  of 0 .02-0 .0  m 
min (0.66-1.0 f t  /min) 
f o r  pump i n l e t  vacuum 
of  380 mm (15 i n . )  Hg 

3 31 

AH@ of 46.74 26.35 mm 
( 1 . 8 4  20.25 i n . )  H20;  
n o t  mandatory 

---I---.-_- 

Standa rd  s t o c k  g l a s s ;  
p r e s s u r e  drop a c r o s s  
impingers  n o t  e x c e s s i v e  
(Subsec 1 . 1 . 6 )  

Frequency and method 
of measurements 

V i s u a l l y  check, and 
run h e a t i n g  system 

Check a g a i n s t  gauge- 
o i l  manometer a t  a 
minimum of 3 p o i n t s :  
0 .64 (0 .025)  ; 1 2 . 7  
( 0 . 5 ) ;  2 5 . 4 ( 1 . 0 )  mm 
( i n . )  H 0 

Check a g a i n s t  a mer- 
cury U-tube manometer 
upon r e c e i p t  

--- - 

~~~~ 

Check upon r e c e i p t  
f o r  l e a k s  and capac i -  
t Y  

Upon r e c e i p t ,  v i s u a l -  
l y  check f o r  damage, 
and c a l i b r a t e  a g a i n s t  
wet t e s t  meter 

V i s u a l l y  check upon 
r e c e i p t ;  check p r e s -  
sure drop (Subsec 
1 .1 .6 )  

Act ion i f  
requirements  
a r e  n o t  m e t  

Repa i r ,  re- 
t u r n  t o  sup- 
p l i e r ,  o r  re- 
j ect  

Repair o r  
r e t u r n  t o  sup- 
p l i e r  

Adjust  o r  re- 
t u r n  t o  sup-  
p l i e r  

Repa i r  o r  re- 
t u r n  t o  sup- 
p l i e r  

Repa i r  i f  
p o s s i b l e ;  o t h e r -  
wise r e t u r n  t o  
s upp 1 i e  r 

Return t o  
supp 1 i e r 
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Graduated 
c y l i n d e r  

Table 1.1 (cont inued)  

~ ~ 

G l a s s ,  Class-A, 250 m l ,  
s u b d i v i s i o n s  (2 m l  

Apparatus 
and 

s upp 1 ie  s 

Dry gas  meter 

T r i p  'balance 

S tack  gas  
temperature  
s e n s o r  

Thermometers 

500-g c a p a c i t y ;  capable  
o f  measuring w i t h i n  
20.5 g 

Within 2 l O C  (2'F) i n  
range of 10' t o  82OC 
(50' t o  18O0F) 

Barometer 

Acceptance l i m i t s  

Capable of  measuring 
t o t a l  volume w i t h i n  +2% 
a 5  a flow r a t e  
m /min (0.75 f t  /min) 

f 0 . 0 2  3 

Should read  w i t h i n  
21'C of t r u e  v a l u e  
i n  t he  range of O°C t o  
25'C f o r  impinger 
thermometer,  and 23'C 
of  t r u e  v a l u e  i n  t h e  
range o f  0' t o  90°C 
f o r  d r y  gas  meter 
t h e  rmome t ers 

Capable of measuring 
a tmospher ic  p r e s s u r e  
w i t h i n  22.5 mm (0 .1  
in.) Hg 

Frequency and method 
of measurements 

Check f o r  damage upon 
r e c e i p t ;  c a l i b r a t e  
a g a i n s t  wet t e s t  
meter (Sec 3.3.2) 

Check upon r e c e i p t  
f o r  dents  o r  bent  
stem; c a l i b r a t e  
a g a i n s t  mercury-in- 
g l a s s  thermometer 
(Sec 3.3.2) 

Check a g a i n s t  a mer- 
cury-in-glass  barom- 
e t e r  o r  e q u i v a l e n t ;  
c a l i b r a t e  ( Sec 
3 . 1 . 2 )  

Upon r e c e i p t ,  check 
s t o c k  number, c r a c k s ,  
breaks,  and manufac- 
tu rer  flaws 

Check w i t h  s tandard  
weights upon r e c e i p t  

Upon r e c e i p t  check 
s p e c i f i c a t i o n s ;  t h e n  
c a l i b r a t e  (Sec 3.3.2) 

Act ion i f  
requi rements  
a r e  n o t  m e t  

~ ~- 

R e j e c t  i f  
damaged. behaves 
e r r a  t i  ca 11 y , 
o r  cannot  be 
proper  lp adjus ted  

R e j e c t  i f  unable 
t o  c a l i b r a t e  

Determine cor -  
r e c t i o n  f a c t o r  
o r  r e j e c t  i f  
d i f f e r e n c e  i s  
more t h a n  2 2.5 
mm (0 .1  i n . )  Hg 

Replace o r  re- 
t u r n  t o  sup -  
p l i e r  

A s  above 

A s  above 
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2 . 0  CALIBRATION OF APPARATUS 

Cal ibra t ion  of t h e  apparatus is  one of t he  most important 
functions i n  maintaining da ta  qua l i t y .  The d e t a i l e d  c a l i b r a t i o n  
procedures included i n  t h i s  sec t ion  a r e  designed f o r  t h e  equip- 
ment spec i f i ed  by Method 4 and described i n  t h e  previous sec t ion .  
A laboratory l o g  book of a l l  ca l ib ra t ions  must  be maintained. 
Table 2 . 1  a t  t h e  end of t h i s  s ec t ion  summarizes t h e  q u a l i t y  
assurance a c t i v i t i e s  f o r  ca l ib ra t ion .  
2 . 1  Metering System 
2 . 1 . 1  , W e t  T e s t  Meter - W e t  t e s t  meters a r e  c a l i b r a t e d  by t h e  
manufacturer t o  an accuracy o f  - +0.5%. The c a l i b r a t i o n  of t h e  
w e t  tes t  meter must be checked i n i t i a l l y  upon r e c e i p t  and y e a r l y  
t h e r e a f t e r .  A w e t  t es t  meter with a capaci ty  of 3.4 m3/h 
(120 f t  /h) w i l l  be necessary t o  c a l i b r a t e  the  dry  gas meter. 
For l a rge  w e t  t e s t  meters (>3R/rev), t he re  is  no convenient 
method t o  check t h e  c a l i b r a t i o n .  For t h i s  reason, s e v e r a l  
methods a re  suggested,  and other  methods may be approved by t h e  
adminis t ra tor .  The i n i t i a l  c a l i b r a t i o n  may be checked by any of 
t he  following methods: 

1. C e r t i f i c a t i o n  from the manufacturer t h a t  t h e  w e t  t e s t  
meter i s  within +1% of t r u e  value a t  t h e  w e t  t e s t  meter d i s -  
charge, so  t h a t  only a l eak  check of t h e  system is  then  requi red .  

2 .  Ca l ib ra t ion  by any primary a i r  o r  l i q u i d  displacement 
method t h a t  displaces a t  l eas t  one complete revolu t ion  of t h e  w e t  
tes t  meter. 

3 .  Comparison aga ins t  a smaller w e t  t e s t  meter t h a t  has 
previously been c a l i b r a t e d  aga ins t  a primary a i r  o r  l i q u i d  d i s -  
placement method, a s  described i n  Section 3 . 5 . 2 .  

4 .  Comparison aga ins t  a dry  gas meter t h a t  has p rev i -  
o u s l y  been c a l i b r a t e d  aga ins t  a primary a i r  o r  l i q u i d  d isp lace-  
ment method. 

3 

- 
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The c a l i b r a t i o n  of t h e  test  meter should be checked annu- 
a l l y .  The c a l i b r a t i o n  check can be made by the  same method a s  
t h a t  of the  o r i g i n a l  c a l i b r a t i o n ,  with the  exception t h a t  t h e  
comparison method need n o t  be reca l ibra ted  i f  t h e  c a l i b r a t i o n  
check is  within - +1% of t h e  t r u e  value.  When t h i s  agreement i s  
not  obtained, then t h e  comparison method o r  w e t  t e s t  meter must 
be r eca l ib ra t ed  aga ins t  a primary a i r  o r  l i q u i d  displacement 
method. 
2 . 1 . 2  Sample Meter System - The sample meter system--consist- 
ing of the pump, vacuum gauge, valves ,  o r i f i c e  meter, and d ry  gas 

meter--is i n i t i a l l y  c a l i b r a t e d  by s t r i n g e n t  laboratory methods 
before it i s  used i n  t h e  f i e l d .  A f t e r  t he  i n i t i a l  acceptance, 
t h e  c a l i b r a t i o n  is  rechecked a f t e r  each f i e l d  t e s t  series. This 
recheck i s  designed t o  provide t h e  tester with a method t h a t  can 
be used more o f t en  and with less e f f o r t  t o  ensure t h a t  t h e  c a l i -  
b ra t ion  has no t  changed. When the  quick check ind ica t e s  t h a t  t h e  
ca l ib ra t ion  f a c t o r  has changed, t h e  t e s t e r  must  again u s e  t h e  
complete laboratory procedure t o  obtain the  new c a l i b r a t i o n  
f ac to r .  After  r e c a l i b r a t i o n ,  t h e  metered sample volume must be 
mult ipl ied by e i t h e r  t h e  i n i t i a l  o r  t h e  r eca l ib ra t ed  c a l i b r a t i o n  
f ac to r  t h a t  y i e l d s  t h e  lowest gas volume f o r  each tes t  run. 

Before i n i t i a l  c a l i b r a t i o n  of t he  metering system, a leak  
check should be conducted. The meter system should be l eak  free. 
Both pos i t i ve  (p re s su re )  and negative (vacuum) leak checks should  
be performed. Following i s  a pressure leak-check procedure t h a t  
w i l l  check the metering system from the  quick disconnect i n l e t  
t o  t h e  o r i f i c e  o u t l e t  and w i l l  check t h e  o r i f i ce - inc l ined  manom- 
e t e r  f o r  leaks:  

1. Disconnect t h e  o r i f i c e  meter l i n e  from t h e  downstream 
or i f ice  pressure t ap  ( t h e  one closest t o  t he  exhaust of t he  
o r i f i c e ) ,  and plug t h i s  t a p .  

2 .  Vent t he  negat ive s i d e  of the  inc l ined  manometer t o  t h e  
atmosphere. I f  the  inc l ined  manometer i s  equipped with a th ree-  
way valve,  t h i s  s t e p  can be performed by merely tu rn ing  the 
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three-way va lve  t h a t  i s  on t h e  nega t ive  s i d e  of t h e  o r i f i c e -  
i n c l i n e d  manometer t o  t h e  ven t  p o s i t i o n .  

3 .  Place  a one-hole rubber s topper  with a tube through i t s  
one hole  i n  t h e  e x i t  of t h e  o r i f i c e ,  and connect a p i e c e  of 
rubber o r  p l a s t i c  tub ing  t o  t h e  tube ,  as shown i n  F i g u r e  2 .1 .  

4 .  Open t h e  p o s i t i v e  s i d e  of t h e  o r i f i c e - i n c l i n e d  manom- 
e ter  t o  t h e  "reading" p o s i t i o n .  I f  t h e  i n c l i n e d  manometer i s  
equipped w i t h  a three-way va lve ,  t h i s  w i l l  be the  l i n e  p o s i t i o n .  

5 .  Plug t h e  i n l e t  t o  t h e  vacuum pump. I f  a quick discon- 
n e c t  with a l e a k - f r e e  check valve i s  used on t h e  c o n t r o l  module, 
t h e  i n l e t  w i l l  n o t  have t o  be plugged. 

6. 
7 .  Blow i n t o  t h e  tub ing  connected t o  t h e  end of t h e  

o r i f i c e  u n t i l  a p re s su re  of 127 t o  178 mm ( 5  t o  7 i n . )  H20 has 
b u i l t  up i n  t h e  system. 

Open t h e  main va lve  and t h e  bypass va lve .  

8 .  Plug o r  crimp the  tub ing  t o  maintain t h i s  p re s su re .  
9 .  Observe the  p re s su re  reading  f o r  a 1-min per iod .  NO 

no t i ceab le  movement i n  t h e  manometer f l u i d  l e v e l  should occur .  
I f  t h e  meter box has a l eak ,  a bubbling-type leak-check s o l u t i o n  
may a i d  i n  l o c a t i n g  t h e  l e a k ( s ) .  

After t h e  metering system i s  determined t o  be leak free by 
the  p o s i t i v e  leak-check procedure,  t h e  vacuum system t o  and in-  
c lud ing  t h e  pump should be checked by plugging t h e  a i r  i n l e t  t o  
t h e  meter box. I f  a q u i c k  disconnect  wi th  a l eak - f r ee  s topper  
s y s t e m  is p resen t ly  on t h e  meter box, then  t h e  i n l e t  will not 
have t o  be plugged. Turn t h e  pump on, p u l l  a vacuum wi th in  
75 nun ( 3  i n . )  H g  o f  absolu te  ze ro ,  and observe the dry gas 

meter. I f  t h e  leakage exceed,s 1 .5  x l o m 4  m3/min ( 0 . 0 0 5  f t3 /min) ,  
t h e  leak(s) must be found and minimized u n t i l  t h e  above s p e c i f i -  
c a t i o n s  are s a t i s f i e d .  

Leak checking the  meter system befo re  i n i t i a l  c a l i b r a t i o n  
is not mandatory, b u t  i s  recommended. 
- Note: For  metering systems having diaphragm pumps, t h e  

normal leak-check procedure descr ibed above w i l l  n o t  d e t e c t  
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leakages wi th in  t h e  pump. For these cases ,  the  following 
leak-check procedure i s  suggested: make a 10-min c a l i b r a t i o n  
run a t  0 .00057 m 3 /min ( 0 . 0 2  f t  3 /min); a t  t h e  end of t h e  run, 
t a k e  t h e  d i f f e r e n c e  of  t h e  measured w e t  t e s t  meter and dry  gas 
meter volumes; d i v i d e  t h e  d i f f e r e n c e  by 1 0  t o  ge t  t h e  l eak  
r a t e .  The l e a k  r a t e  should n o t  exceed 0.00057 m 3 /anin 
( 0.02 f t3/min) .  

I n i t i a l  c a l i b r a t i o n  - The d ry  gas meter and orifice meter 
can be c a l i b r a t e d  s imultaneously and should be c a l i b r a t e d  when 
f i rs t  purchased and any t i m e  the  p o s t t e s t  check y i e l d s  a Y 
o u t s i d e  t h e  range of  the c a l i b r a t i o n  factor Y +O.OSY. A 

c a l i b r a t e d  w e t  t e s t  meter (p rope r ly  s i z e d ,  wi th  +I% accuracy)  
s h o u l d  be used t o  c a l i b r a t e  the dry gas meter arid the  o r i f i c e  
meter. 

The dry  gas meter and t h e  o r i f i c e  meter should be 
c a l i b r a t e d  i n  t he  foblowing manner: 

1. Before i t s  i n i t i a l  use i n  t h e  f i e l d ,  l eak  check the 
meter ing system, as  described i n  Subsect ion 2,l.Z. Leaks, if 
p r e s e n t ,  m u s t  be e l imina ted  before proceeding. 

2 .  Assemble t h e  appara tus ,  a s  shown i n  F i g u r e  2 . 2 ,  W i t h  
t h e  w e t  t e s t  meter r ep lac ing  the  probe and impingers-- that  i s ,  
w i t h  t h e  o u t l e t  o f  t h e  w e t  t e s t  meter connected t o  a needle  
va lve  t h a t  i s  connected t o  t h e  i n l e t  s i d e  of  the meter box. 

3 .  Run t h e  pump f o r  15  min w i t h  t h e  orifice meter 
d i f f e r e n t i a l  ( A H )  set a t  1 2 . 7  mm ( 0 . 5  i n . )  H20 t o  allow the 
pump t o  warm up and to permit  the i n t e r i o r  surface of the  w e t  
t e s t  meter t o  be wetted. 

4 .  Adjust  t h e  needle  . va lve  so t h a t  t h e  vacuum gauge on 
the meter box w i l l  read between 50 and 100 m ( 2  to 4 i n .  ) Hg 
d u r i n g  c a l i b r a t i o n .  

5 .  C o l l e c t  t h e  information required in the  forms 
provided ( F i g u r e  2 . 3 A  o r  2.3B). Sample volumes, a s  shown, 
s h o u l d  be used. 

- 
- 



Figure 2 .2  Sample meter system calibration s e t u p .  
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F1gur.e 2.3A Dry gas meter calibration data form (English u n i t s ) .  
( f r o n t  s i d e )  



Nomenclature : 
= Gas volume pass ing  through t h e  w e t  tes t  meter,  f t  3 . 

vW 

Vd = Gas volume pass ing  through t h e  d ry  gas  meter, ft3. 

= Temperature of the gas i n  t h e  w e t  tes t  meter,  O F .  tw 

td = Temperature of the i n l e t  gas  of the d r y  gas  meter,  OF. 
i 

td = Temperature of t he  o u t l e t  gas of t h e  d r y  gas  meter, OF. 
0 

td = Average temperature of t h e  gas  i n  the  dry  gas meter,  ob ta ined  by the  average td and 
t d  O F .  i 
0 

AH = P r e s s u r e  d i f f e r e n t i a l  across  o r i f i c e ,  i n .  H20. 

Yi = Ratio of accuracy of w e t  t e s t  meter t o  dry  gas meter f o r  each run; t o l e r a n c e  Yi = 
Y f0.02Y. 

Y = Average r a t i o  of  accuracy o f  w e t  tes t  meter t o  dry  gas  meter fo r  a l l  s i x  runs ;  
to le rance  Y = Y f0.01Y. 

AH@i = Orifice pressure d i f f e r e n t i a l  a t  each flow r a t e  t h a t  g ives  0.75 f t  3 /min of  a i r  a t  
s tandard condi t ions  f o r  each c a l i b r a t i o n  run,  i n .  H20; t o l e r a n c e  = AH@ f 0 . 1 5  
(recommended). 

W U X J d v ,  
3 n J D ( D ( D  AH@ = Average o r i f i c e  p re s su re  d i f f e r e n t i a l  t h a t  g ives  0 . 7 5  f t  /min of a i r  a t  s tandard  \Q f lc  C) 

m m P-fi condi t ions  f o r  a l l  s i x  runs ,  i n .  H20; t o l e r a n c e  = 1.84 f 0 . 2 5  (recommended). 
(334 r - 0  @ O r  
0 3 3  
h*Ic 2 

COY - 

v1 P- \ 
.-- 

-t 
u-, 0 = Time f o r  each c a l i b r a t i o n  run ,  rnin. 

'cc. r Y  @ Z O  0 9 Pb = Barometric p re s su re ,  i n .  Hg. 
w 

m u  P O *  - .  
h, Figure 2.3A.  Dry gas  meter c a l i b r a t i o n  d a t a  (Engl i sh  u n i t s ) .  (backs ide)  
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0 r i f i.c e 
manometer 

s e t  t irig 
(AH) , 
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10 

25 

40 

50 

75 
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- 

75 
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1 

- 
- 

Meter box number 1- c l y -  

= 7.3L mm Hg Ca l ib ra t ed  by w 3 7) 'b pres su re ,  

Gas volume Temperature 
Wet t e s t  Dry gas Wet t e s t  Dry gas meter - 

meter meter meter I n l e t  O u t l e t  Avg" 

(VJ 9 (V,) 9 (tJ, (td 1 ,  (ta 1, (t,), 
i 0 

O C  

18 
I '7 

O C  
3 

O C  O C  

4 5 o s . o  IF- dc" 
2Yfm2 /,r ? 3  

m 3 m 

0.15 

0.15 

! Y  

0.30 

0.30 I 

5 .51  

: .35 

a I f  t h e r e  i s  only  one thermometer on t h e  d ry  gas  meter ,  record t h e  temperature  
u n d e r  t d '  

F i g u r e  2.3B Dry gas meter calibration data form (metric Units). 
(front side) 



Nomenclature: 
= Gas volume passing through the wet test meter, m 3 . 

Vd = Gas volume passing through the dry gas meter, m 3 . 
vW 

tw = Temperature of the gas in the wet test meter, OC. 

= Temperature of the inlet gas of the dry gas meter, OC. td i 

td = Temperature of the outlet gas of the dry gas meter, OC. 
0 

:y qas meter, obtained by the averaae of t . and 

AH = Pressure differential across orifice, mm H20. 

Yi = Ratio of accuracy of wet test meter to dry gas meter for each run; tolerance Yi = 
Y +O.OZY. 

Y = Average ratio of accuracy of wet test meter to dry gas meter for all six runs; 
tolerance Y = Y +O.OlY. - 

AHOi = Orifice pressure differential at each flow rate that gives 0.021 m3 of air at standard 
conditions for each calibKation run, mm H20; tolerance AHQi = AH@ + 3 . 8  mm H20 
(recommended). 

ditions for all six runs, mm HZO; tolerance AH@ = 46.74 + 6 . 3  mm H20 (recommended). 

- 
W W W U  

( p p ' - c l  
F Q P - 0  
o m o r  
3 3  o c  2 

t b w  2 0  
- 0 .  

cr'c . 

AH@ = Average o.rifice pressure differential that gives 0.021 rn3 of air at standard con- \P cuzu(P(P ,-t 4 C) 
- tnP 

-4 
i2 
>, . 0 = Time of each calibration run, min. 

Pb = Barometric pressure, mm Hg. 

Figure 2 . 3 B .  Dry gas meter calibration data (metric units). (backside) 
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6 .  Calcu la te  Yi f o r  each of t h e  s i x  runs ,  using t h e  equa- 
t i o n  i n  Figure 2 . 3 k  o r  B under t h e  Yi column, and record  t h e  
r e su l t s  on t h e  form i n  t h e  space provided. 

7 .  Ca lcu la t e  t h e  average Y f o r  t h e  s i x  runs us ing  the 
fol lowing equat ion:  

Y 1 + Y 2 + Y 3 + Y  4 + Y  5 + Y 6  
6 Y =  

Record t h e  average on Figure 2 . 3 A  o r  B i n  t h e  space provided. 
8 .  The dry  gas meter should be c leaned ,  adjusted, and 

r e c a l i b r a t e d ,  o r  r e j e c t e d  i f  one o r  more va lues  of Y f a l l  outside 
t h e  i n t e r v a l  Y - +O.O2Y. Otherwise, t h e  average Y ( c a l i b r a t i o n  
f a c t o r )  i s  acceptab le  and w i l l  be used f o r  f u t u r e  checks and 
subsequent t e s t  runs .  

9 .  Ca lcu la t e  AHFi f o r  each of t h e  s i x  runs  using the 
equat ion  i n  F igure  2 . 3 A  o r  B under t h e  AH@i column, and record 
on t h e  form i n  t h e  space provided.  

1 0 .  Ca lcu la t e  t h e  average AH@ f o r  t h e  s i x  runs us ing  t h e  
fol lowing equat ion:  

Record t h e  average on Figure 2 . 3 A  or B i n  the  space provided.  
A d j u s t  t h e  o r i f i c e  meter o r  re ject  it if LEOi v a r i e s  

by more than  2 3 . 9  mm ( 0 . 1 5  i n . )  H20 over t h e  range of 10  t o  
1 0 0  mun ( 0 . 4  t o  4 . 0  i n . )  H 2 0 .  Otherwise, t h e  average AH@ i s  
acceptab le  and w i l l  be used f o r  subsequent t e s t  runs. 

P o s t t e s t  c a l i b r a t i o n  check - After each f i e l d  t es t  s e r i e s ,  
conduct a c a l i b r a t i o n  check of  t h e  metering system, as in Sub- 
s e c t i o n  2 . 1 . 2 ,  except  f o r  t he  fol lowing v a r i a t i o n s :  

1. Three c a l i b r a t i o n  runs a t  a s i n g l e  in t e rmed ia t e  o r i f i ce  
meter s e t t i n g  may be used  with t h e  vacuum s e t  a t  the  maximum 
v a l u e  reached d u r i n g  t h e  t e s t  ser ies .  The s i n g l e  in t e rmed ia t e  

11. 
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o i - i f ice  meter s e t t i n g  should be based on t h e  previous f i e l d  t e s t .  
A va lve  must be i n s e r t e d  between t h e  wet t e s t  meter and 
cf  t h e  metering system t o  a d j u s t  t h e  vacuum. 

2 .  I f  a temperature-compensating dry gas meter 
t h e  c a l i b r a t i o n  temperature f o r  t h e  dry gas meter must 
- + 6 O C  (10.8OF) o f  t h e  average meter temperature during 
series.  

3 .  Use Figure 2 . 4 A  o r  2.4B, and record t h e  
in format ion .  

I f  the c a l i b r a t i o n  f a c t o r  Y dev ia t e s  by cS% 

t h e  i n l e t  

was used, 
be with in  
t h e  t e s t  

r equ i r ed  

from t h e  
i n i t i a l  c a l i b r a t i o n  f a c t o r  Y (determined i n  Subsection 2 .1 .2 ) ,  
t h e n  t h e  dry gas meter volumes obtained dur ing  t h e  t e s t  series 
a r e  accep tab le .  I f  Y d e v i a t e s  by > 5 % ,  r e c a l i b r a t e  t he  meter ing 
system ( a s  i n  Subsection 2 . 1 . 2 ) ,  and use whichever meter 
c o e f f i c i e n t  ( i n i t i a l  o r  r eca l ibwa ted )  t h a t  y i e l d s  t h e  lowest gas 
volume f o r  each test run. 

Alternate procedures--for example, us ing  t h e  o r i f i c e  meter 
coeff ic ients--may be used, s u b j e c t  t o  t h e  approval of  t h e  
a d m i n i s t r a t o r .  
2 . 2  Temperature Gauqes 
2 . 2 . 1  Impinger Thermometer - The thermometer used t o  measure t h e  
temperature  of t h e  gas stream e x i t i n g  t h e  impinger t r a i n  should 
i n i t i a l l y  be compared wi th  a mercury-in-glass thermometer which 
meets ASTM E - 1  No. 63C o r  63F s p e c i f i c a t i o n s .  The procedure is 
a s  fol lows:  

1. Place  both  t h e  r e fe rence  thermometer and t h e  test 
tnermometer i n  an i c e  ba th .  Compare readings  a f t e r  they  both 
s t a b i l i z e .  

2 .  Remove t h e  thermometers from t h e  ba th  
t o  come t o  room temperature .  Again, compare 
they  both s t a b i l i z e .  

3 .  Accept t h e  t e s t  thermometer if i t s  

and allow both  
readings a f t e r  

reading ag rees  

1, wi th in  kl°C (2 'F )  o f  t h e  r e fe rence  thermometer reading a t  both 
temperatures .  I f  t h e  d i f f e r e n c e  i s  g r e a t e r  than  fl°C (Z'F), 
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If there  i s  only one thermometer on t he  d r y  gas meter, record t h e  temperature under td 
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3 

Vw = Gas volume passing through t h e  w e t  test  meter, f t  . 
Vd = Gas volume passing through t h e  dry gas meter, f t  . 
tw = Temperature of t h e  gas in the  w e t  test meter, OF. 

td 

td 

= Temperature of t he  i n l e t  gas of t he  dry 

= Temperature of t he  o u t l e t  gas of t he  dry gas 

gas meter, O F .  

i 
meter, O F .  

0 

td = Average temperature of t h e  gas i n  the  dry 

Yi = Ratio of accuracy of wet test meter t o  dry gas. meter f o r  each run. 

gas meter, obtained by t he  average of t and td , OF. 2 
LU = Pressure d i f f e r e n t i a l  across  o r i f i c e ,  in. H20. ‘i 0 s 82.: 

tn P- r 4 r - O  
U P O S  L. 

Y = Average r a t i o  of accuracy of w e t  t es t  meter t o  dry gas meter f o r  a l l  t h ree  runs; 0 2 * &  h ” g 0  
I d ’  

to le rance  = p r e t e s t  Y +O.O5Y. 

8 = Time of ca l ib ra t ion ’ run ,  min. 

w 
P O *  
V I W  

h) 

- 
Pb = Barometric pressure,  i n .  Hg. rD 

- .  
P 
CD 
a0 
0 

Figyre 2.4A Posttest dry gas meter ca l ibrat ion  data f o r m  ( E n g l i s h  u n i t s ) .  
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d If t h e r e  is only one thermometer on t h e  dry  gas  meter, record t h e  temperature  under t a 

where 
3 V = Gas volume pass ing  through t h e  w e t  test meter, m . 
3 Vd = Gas volume p a s s i n g  through t h e  d r y  gas meter, m . 

tw = Temperature of t h e  gas i n  t h e  w e t  test meter, O C .  

W 

td 

td 

= Temperature of t h e  i n l e t  gas  of t h e  d r y  gas meter, OC. 

= Temperature of t h e  o u t l e t  gas of t h e  d ry  gas meter, O C .  

i 

0 

td = Average temperature  of t h e  gas i n  t h e  d r y  gas meter, obta ined  by t h e  average of td 

Yi = Rat io  of accuracy  of w e t  test meter t o  d r y  gas meter for each run. 

and td , O C .  ~~~~ 

i *  0 Q * < f  
(b (b P-t 

II)l 

B W O r  

- 0 .  

P O  * 
m L  

b 
P 
w 
0 

LUI = P r e s s u r e ' d i f f e r e n t i a l  ac ross  orifice,  mm H20. 
P QP-! 

O G  3? 
t-hwzi 

, P,,= Barometric p r e s s u r e ,  m Hg. u) 1 

Y = Average r a t i o  of accuracy of w e t  test meter to  d r y  gas meter for  a l l  t h r e e  runs ;  
t o l e rance  = pretest Y +O.O5Y. - 

P L C  * 

- .  8 = Time of c a l i b r a t i o n  run, min. 

Figure 2.4B Posttest meter calibration data form (metric u n i t s ) .  00 
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the  thermometer should be ad jus t ed  and r e c a l i b r a t e d  u n t i l  t h e  
c r i t e r i a  a r e  met, o r  it should be r e j e c t e d .  

4 .  P r i o r  t o  each f i e l d  t r i p  compare t h e  room temperature 
w i t h  t h e  meter thermometer and t h e  mercury-in-glass thermometer. 
I f  t h e  readings  a r e  n o t  w i th in  f2'C (4OF), t h e  meter thermometer 
should be rep laced  o r  r e c a l i b r a t e d .  
2.2.2 Dry Gas Thermometers - The thermometers used t o  measure 
the metered gas sample temperature  should i n i t i a l l y  be compared 
w i t h  a mercury-in-glass thermometer a s  above, us ing  a s i m i l a r  
procedure.  

1. Place  the  r e fe rence  and t h e  t e s t  thermometers i n  a hot 
water ba th  maintained a t  40' t o  5OoC (104' t o  122'F). Compare 
t h e  readings a f t e r  both s t a b i l i z e .  

2 .  Allow both thermometers t o  come t o  room temperature .  
Compare readings  a f t e r  t h e  thermometers s t a b i l i z e .  

3 .  Accept t h e  t e s t  thermometer i f  i t s  reading  ag rees  
wi th in  3OC (5.4'F) of  t h e  r e f e r e n c e  thermometer reading  a t  bo th  
temperatures .  I f  n o t ,  e i t h e r  t h e  thermometer should be ad jus t ed  
and r e c a l i b r a t e d  o r  a temperature  c o r r e c t i o n  f a c t o r  should be  
marked on the  thermometer where it is r e a d i l y  v i s i b l e  t o  t h e  
ope ra to r .  When t h e  f a c t o r  is used,  it must be noted on t h e  pre-  
t es t  sampling check form (F igure  2 . 5 )  and i n  t h e  c a l i b r a t i o n  log.  

4 .  Compare t h e  temperatures  p r i o r  t o  each f i e l d  t r i p  a t  
room temperature  with t h e  thermometer a s  p a r t  of the meter 
system. I f  t h e  readings  o r  co r rec t ed  va lues  a r e  n o t  w i th in  f6'C 
(10.8'F) of t h e  mercury-in-glass thermometer va lue ,  t he  meter 
thermometer should  be replaced or recalibrated. 
2.3 Barometer 

The f i e l d  barometer should be ad jus t ed  i n i t i a l l y  and b e f o r e  
each t e s t  s e r i e s  t o  agree wi th in  f2.5 mm ( 0 . 1  i n . )  Hg of t h e  
mercury-in-glass barometer o r  w i t h  t he  p r e s s u r e  r epor t ed  by a 
nearby Nat ional  Weather Serv ice  S t a t i o n .  Correc t ion  f o r  e leva-  
t i o n  d i f f e r e n c e  between t h e  s t a t i o n  and t h e  sampling p o i n t  should 
be applied a t  a r a t e  of - 2 . 5  mm Hg/30 m ( 0 . 1  i n .  Hg/100 ft). 
Record r e s u l t s  on t h e  pretest sampling check form (Figure  2 -1). 
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Dry Gas Meter" 

P r e t e s t  c a l i b r a t i o n  f a c t o r  0 9% ( w i t h i n  2% of t h e  average 
f a c t o r  f o r  each c a l i b r a t i o n -  

Impinqer Thermometer 

Was a p r e t e s t  temperature c o r r e c t i o n  used? no 
=in a"c'(40FJ- of  

Yes 
I f  yes ,  temperature c o r r e c t i o n  
r e fe rence  va lue )  

Dry Gas Meter Thermometer 

Was a p r e t e s t  temperature c o r r e c t i o n  made? Yes J no ( w T t x 6 " C  (1- of  I f  yes ,  temperature  c o r r e c t i o n  
r e fe rence  v a l u e )  

Barometer 

110 Was t h e  p r e t e s t  f i e l d  barometer reading c o r r e c t ?  - J yes  - 
Stack Gas Temperature Sensor ( i f  r e q u i r e d ) *  

Was a temperature sensor  requi red  f o r  moisture  determinat ion pur- 
poses? Yes J no 

Was a p r e t e s t  temperature c o r r e c t i o n  used? Y$?S V' no 
I f  yes ,  temperature c o r r e c t i o n  - -  (wi th in  sl0C over 
t h e  e n t i r e  ranqe)  

Did t h e  temperature sensor  agree with t h e  r e fe rence  thermometer 
(wi th in  k 1 " C  (2 'F)  over t h e  range o f  1 0 "  t o  8 2 O C  (50 '  t o  
180'F) ) ?  L/ yes no 

*Most s i g n i f i c a n t  items/parameters t o  be checked. 

Figure 2 . 5  Pretest  sampling checks.  
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2.4 Trip Balance 
The trip balance should be calibrated initially by using 

Class-S standard weights and should be within f0.5 g of the 
standard weight. Adjust or return the balance to the manufac- 
turer if limits are not met. 
2.5 Stack Gas Temperature Sensor 

The stack gas temperature must be accurately determined when 
the stack is suspected of being saturated or having water drop- 
lets. Therefore proper calibration of the stack gas temperature 
sensor is important for this method. Upon receipt, the sensor 
should be calibrated over the entire range. An ASTM E-1 No. 3C 
or 3F thermometer should be used as the reference temperature. 
The initial and, as required, recalibration procedure is as 
follows: 

1. Place both the temperature sensor and the reference 
thermometer in water or in a controlled-temperature atmosphere. 

2 .  Record both temperatures after each has stabilized for 
30 S. Increase the temperature in increments of about 6 O C  

(lO°F), taking readings over the entire range (10-82OC (50- 
180OF) ) .  

3 .  Both values should agree within fl°C (Z'F). If not, 
the temperature sensor should be adjusted if possible. However, 
if the values are off by a constant factor over t h e  entire range, 
a correction factor may be used. 

- 

After each field use, the temperature sensor calibration 
snould be checked. The procedure for the check is as follows: 

1. Check t h e  temperature sensor with the reference ther- 
mometer at a temperature within fS°C (10OF) of the average stack 
temperature. If the values agree within f2OC (4'F), then the 
pretest calibration is acceptable. 

2. When the above agreement is not met, the temperature 
sensor should be recalibrated at a temperature within f2OC (4OF) 
of the average stack temperature, and a correction factor should 
be determined with the reference thermometer. The difference . 
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between the temperature sensor and the reference thermometer BB 

should be used to correct the average stack temperature for cal- 
culation purposes. Also, a complete recalibration of the temper- 
ature sensor is suggested. 
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Acceptance limits 

Table 2 . 1  ACTIVITY MATRIX FOR EQUIPMENT CALIBRATION 
REQUIREMENTS 

Action i f  
Frequency and method requirements 

of measurements a r e  not  met Apparatus 

Wet t e s t  meter Capac’ t  of  a t  l g a s t  
3 . 4  m3,’i (120 f t  /h )  
and accuracy wi th in  
+_1 yo 

Yi = T k0.02k’ a t  a flow 
r t e  o f  0.02-0.033 
m 8 .  / m i n  (0.66-1 f t  /min> 

Impinger thermometer 
+l0C (2’F); dry g a s  
meter thermometer 
t 3 O C  (5.4’F) over 
range 

- 
Dry gas  meter 

C a l i b r a t e  i n i t i a l l y  
and then  y e a r l y  by 
t h e  l i q u i d  d i sp lace -  
ment technique;  s ee  
Subsec 2 . 1 . 1  

C a l i b r a t e  vs. wet 
t e s t  meter i n i t i a l l y  
t o  ag ree ,  and when 
t h e  p o s t t e s t  check i s  
not  w i th in  Y 20.05Y 

C a l i b r a t e  each i n i -  
t i a l l y  as  a s e p a r a t e  
component a g a i n s t  a 
mercury-in-glass 
thermometer; be fo re  
each f i e l d  t r i p ,  
compare each a s  p a r t  
of t h e  t r a i n  wi th  
the  mercury-in-glass  
thermometer 

- 
Thermometers 

Adjust  u n t i  1 
s p e c i f i c a t i o n s  
a r e  met, o r  re- 
l;;;;u;;rmanu- 

Repair  o r  re- 
, p l a c e ,  and then  
r e c a l i b r a t e  

Adjus t ,  d e t e r -  
mine a cons t an t  
c o r r e c t i o n  f a c -  
t o r ,  o r  r e j e c t  

Barometer 2 2 . 5  mm ( 0 . 1  i n . )  Hg 
o f  t h e  mercury-in-glass  
barometer 

P r e t e s t  c a l i b r a t i o n  
kIoC (2’F) over range; 
p o s t t e s t  check 2 2 O C  , 

( 4 O F )  

Stack gas 
temperature  
sensor  f o r  
moisture  de-  
t e rmina t ion  

C a l i b r a t e  i n i t i a l l y  Adjust  t o  agree 
us ing  mercury-in- wi th  c e r t i f i e d  
g l a s s  barometer;  barometer 
check before  and a f t e r  
each f i e l d  t e s t  

C a l i b r a t e  i n i t i a l l y  Adjust  t o  
over  t h e  range wi th  agree with re- 
a n  ASTM r e fe rence  fe rence  t h e r -  
thermometer; a f t e r  mometer; use a 
each f i e l d  t e s t ,  make cons tan t  cor- 
a s ing le -po in t  C a l i -  r e c t i o n  f a c t o r ,  
b r a t i o n  check o r  r e j e c t ;  

p o s t t e s t  d a t a  
cor rec ted  for  
c a l c u l a t i o n  
purpo s e s 
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3.0 PRESAMPLING OPERATIONS 
The quality assurance activities for presampling operations 

are summarized in Table 3.1 at the end of this section. See 
Section 3.0, the introduction to this Handbook, for details on 
preliminary site visits. 
3.1 Apparatus Check and Calibration 

A pretest check will have to be made on most of the sampling 
apparatus. Figure 3.1 should be used as a pretest operations and 
packing list. An inquiry must be made as to whether t h e  s t a c k  
gas is saturated or has water droplets. 
3 . 1 . 1  Samplinq Train - The specifications of the Method 4 Sam- 
pling train used by the EPA are given in Figure 1.1. Commercial 
models of this system are available. Each individual or fabr i -  
cated train must be in compliance with the specifications of the 
Reference Method, Section 3.3.10. 
3.1.2 Probe - Clean the probe internally by brushing first W i t h  

tap water, then with deionized distilled water, and finally with 
acetone; allow it to dry in the air. In extreme cases, the probe 
liner can be cleaned with stronger reagents. In either case, t h e  

objective is to leave the probe liner free from contaminants. 
The probe's heating system should be checked to see that it 1s 
operating properly. The probe should be sealed at the inlet Or 
tip and checked for leaks at a vacuum of 380 mm (15 in. ) Hg, and 
the probe must be leak free under these conditions. 
3.1.3 Impinger and Glass - Connections - All .glassware should be 
cleaned first  with detergent and thoroughly rinsed w i t h  tap water 
and then with deionized distilled water. ~ l l  glassware should be 
visually inspected for cracks or breakage and then repaired or 
discarded if defective. 
3.1.4 Pump - The vacuum pump should be serviced as recoxmiended 
by t h e  manufacturer, or every 3 mo, ox upon erratic behavior 
(nonuniform or insufficient pumping action). Check oiler jars, 
if used, every 10 tests. 

/- 



Apparatus check 
Probe type 

S o r o s i l i c a t e  
g l a s s  / 

Quartz 
g l a s s  

Other 

- 

Accept able 
Yes I No 

I 

E e a t e r  and l e  k 
die  c ke d * 9 

Fi 1 t e r  
/' ,/ I n-s tack 

Out - s t ac  k 
Glass  wool 
Other 

Impingers /' 
Other 

I c e  b a t h  
Other 

Vacuum gauge - 1,' 

Checked* ,/ 
Pump 1, 

Leak 

- 
- 

Condenser 

Cooling System 
/ 

\ /  

Meterinq System 

/ 

#'  - checked* 
Thermometers - / 

Cal ib ra t ed*  r/ 
Dry gas 

meter 
Cal ibra ted"  - I 

- 

Other 

Quant i ty  
r equ i r ed  

Ready 
Yes I N 0 

-I- 

Packed and 
loaded 

Yes No 

/ 

/ 

Ready 
Yes I N 0 

A -mx 

Packed and 
loaded 

Yes No 

/ 

3 

i/ 

J/ 

2 

3 
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J 

*Most s i g n i f i c a n t  i tems/parameters t o  be checked. 

Figure 3 . 1  P r e t e s t  p r e p a r a t i o n  c h e c k l i s t .  (cont inued)  
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Figure 3.1 (continued) 

Apparatus check 

Barometer 
Mercury I/ 

Aneroid 
Other 
Calibrated* / - 

Quantitative 
Instrument 
Graduated 
cylinder 

T r i p  
balance J 

Calibrated" 

Sensor * 
Stack Temperature 

Calibrated yrs 

Acce 
Yes - 

J 

J 

rb 

Quantity 
requi red  

RI 
Yes 

, 

*Most significant items/parameters to be checked. 

Packed and 
loaded 

L, 

--N6 
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3.1.5 Dry Gas Meter ... A dry gas meter calibration check should 
be made using the procedure in Section 3.3.2. 
3.1.6 Silica Gel - Either dry the used silica gel at 175OC 
(350'F) or use fresh silica gel and weigh several 200- to 300-g 

portions i n  airtight containers to the nearest 0.5 g .  Record the 
total weight (silica gel p l u s  container) on each container. 
3.1.7 Thermometers - - The thermometers should be compared to the 
mercury -in -glass reference thermometer at ambient temperature 
(Subsection 2.2.1. of Section 3 . 3 . 2  ) . 
3 . 1 . 8  Barometer - The f i e l d  barometer should  be compared with 
the mercury-in-glass barometer o r  the weather station reading 
prior to each field trip (Section 3.3.2). 
3.1.9 Stack Gas Temperature Sensor - A specially calibrated 
temperature sensor is required if the stack gas is saturated or 
has water droplets present. The sensor should be calibrated 
against a reference thermometer (Section 3.3.2). 
3.1.10 Water - It is recommended, but not required, that 100 ml 
of deionized distilled water conforming to ASTM Dl l93-74  type 3 
be used in each of the f i r s t  two impingers. 
3 . 2  Equipment Packinq 

The accessibility, condition, and functioning of measurement 
devices in the field depend on careful packing and on the care of 
movement on site. Equipment should be packed to withstand severe 
treatment d u r i n g  shipping and field handling operations. One 
major consideration in shipping cases is the construction 
materials. The following containers are suggested, but are not 
mandatory. 
3.2.1 Probe - Seal the hlet and outlet of the probe and then 
wrap with polyethylene or other suitable material tG protect the 
probe from breakage.  An ideal container is a wooden case (or 
equivalent) lined with foam material and w i t h  separate compart- 
ments to hold individual probes. The case should have handles or 
eye-hooks t h a t  can  withstand hoisting and t h a t  will be rigid 
enough to prevent bending or twisting dur ing  shipping and han- 
dling. 

ti 
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3 . 2 . 2  Impinqers, Connectors, and Assorted Glassware - All i m -  
p inge r s  and glassware should be packed i n  r i g i d  con ta ine r s  and 
p i  o tec t ed  by polyethylene packing ma te r i a l  o r  o t h e r  s u i t a b l e  
m a t e r i a l .  Ind iv idua l  compartments f o r  glassware w i l l  h e lp  t o  
organize and p r o t e c t  each p i e c e  and s impl i fy  inventorying.  
3.2.3 Volumetric Glassware - A s t u r d y  case  l i n e d  wi th  foam 
m a t e r i a l  can con ta in  dry ing  tubes  and a s s o r t e d  volumetr ic  g l a s s -  
ware. 
3 . 2 . 4  Meter Eox - The meter box--which con ta ins  t h e  manometers, 
o r i f i c e  meter,  vacuum gauge, pump, dry gas meter, and thermom- 
eters--should be packed i n  a sh ipping  con ta ine r  un le s s  i t s  
housing i s  s u f f i c i e n t  t o  p r o t e c t  components dur ing  t r a v e l .  
Pump o i l  sump and o i l e r  j a r s  should be dra ined  t o  prevent  f o u l i n g  
o f  t h e  components during shipment. Addit ional  pump o i l  should be 
packed i f  o i l  i s  r equ i r ed .  I t  i s  advisable  t o  c a r r y  a s p a r e  
meter box i n  case  of f a i l u r e .  
3 . 2 . 5  Wash B o t t l e s  and Storaqe Containers - Storage c o n t a i n e r s  
and miscel lanecus glassware should be packed i n  a r i g i d  foam- 
l i n e d  c o n t a i n e r .  

. 
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Sampling r t e  of a b o u t  
O.Q?-.03 m /min (0.66-1 
f t 3 / m i n )  up t o  380 mm 
(15 i n . )  Hg vacuum a t  
pump i n l e t  

Readings w i t h i n  22% 
a v e r a g e  c a l i b r a t i o n  
f a c t o r ;  c l e a n  

Readings w i t h i n  +-ZoC 
( 4 O F )  of mercury-in-  . 
g l a s s  thermometer 

3 

- 
Readings w i t h i n  2 . 5  mm 
( 0 . 1  i n . )  Hg 

Table 3.1 ACTIVITY MATRIX FOR PRESAMPLING PREPARATIONS 

S e r v i c e  e v e r y  3 mo 
o r  upon e r r a t i c  be- 
h a v i o r ;  check o i l e r  
j a r s  every  10 t e s t s  

Ca 1 i b  r a  t e  a c c o r d i n g  
t o  Sec 3 . 3 . 2  
check f o r  e x c e s s  o i l  

Compare with mercury- 
in-glass thermometer 
a t  room t e m p e r a t u r e  
p r i o r  t o  e a c h  f i e l d  
t e s t  

Compare w i t h  mercury- 
i n - g l a s s  barometer  
o r  v a l u e  r e p o r t e d  by 
nearby  N a t i o n a l  Wea- 
t h e r  S t a t i o n  c o r r e c t e d  
f o r  e l e v a t i o n  p r i o r  t o  
each  f i e l d  t e s t  

Apparatus  

Probe . 

Impingers ,  
f i l t e r  
h o l d e r s ,  and 
g l a s s  con- 
t a i n e r s  

Pump 

Dry g a s  meter  

Thermometers 

Barometer 

( c o n t i n u e d )  

I 
Acceptance limits 

1. Probe l i n e r  f ree  of 
contaminants  and con- 
s t ruc ted  of  b o r o s i l i -  
c a t e  g l a s s ,  q u a r t z ,  o r  
e q u i v a l e n t ;  m e t a l  
l i n e r s  must be approved 
by a d m i n i s t r a t o r  

2 .  Probe l e a k  f r e e  
a t  380 mm (15 i n . )  Hg 

3 .  Probe t h a t  p r e v e n t s  
m o i s t u r e  c o n d e n s a t i o n  

Frequency and method 
o f  measurements 

1. Clean probe  i n -  
t e r n a l l y  by b r u s h i n g  
u s i n g  t a p  w a t e r ,  t h e n  
d e i o n i z e d  d i s t i l l e d  
w a t e r ,  and f i n a l l y  
a c e t o n e ;  a i r  d r y  
b e f o r e  t e s t  

2 .  V i s u a l l y  check be- 
f o r e  t e s t  

3 .  Check h e a t i n g  
system i n i t i a l l y  and 
when m o i s t u r e  c a n n c t  
b e  p r e v e n t e d  d u r i n g  
t e s t i n g  

Clean and f r e e  o f  
b r e a k s ,  c r a c k s ,  l e a k s ,  
e t c .  

Clean w i t h  d e t e r g e n t  
and t a p  w a t e r ,  t h e n  
d e i o n i z e d  d i s t i l l e d  
w a t e r  

Lction i f  
requirements 
ire n o t  met 

i .  Repeat  
: l e a n i n g  pro-  
:edure,  and 
reassemble 

!. Replace 

3. R e p a i r  or 
rep lace  

3epa i r  o r  
j i s c a r d  

i e p a i r  o r  re- 
t u r n  to manu- 
Eac turer  

9s above 

2eplace  o r  re- 
c a l i b r a t e  

As above 
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Table  3 .1  ( c o n t i n u e d )  

App a r a  t u s  

S t a c k  gas 
t e m p e r a t u r e  
s e n s o r  f o r  
moisture 
d e t e r m i n a t i o n  

Water 

S i l  i c ~ .  g e l  

Pac.kage Equip- 
ment f o r  
Shipment 

Probe 

Impingers ,  con- 
t a i n e r s ,  and 
a s s o r t e d  
g 1 a s s w a re 

Meter box 

Acceptance l imi t s  

- + ~ O C  A Z O F )  over range 
of  A0 
180 F) 

t o  8OoC (50' t o  

Deionized d i s t i l l e d ;  
ASTM-D1193-74 type 3 

I n d i c a t i n g  t y p e ,  s i z e  
6 t o  16 mesh; d r y  
used g e l  a t  175'C 
(350OF) f o r  a t  l e a s t  
2 h ;  weigh 200 g por-  
t i o n  t o  n e a r e s t  0 . 5  g; 
r e c o r d  t h e  weight 

Packed i n  r i g i d  con- 
t a i n e r  and p r o t e c t e d  
by p o l y e t h y l e n e  foam 

Packed i n  r i g i d  con- 
t a i n e r  and p r o t e c t e d  
by p o l y e t h y l e n e  foam 

Meter box c a s e  and/or  
a d d i t i o n a l  m a t e r i a l  t o  
p r o t e c t  t r a i n  compon- 
e n t s ;  pack s p a r e  meter  
box 

Frequency and method 
of measurements 

Compare a g a i n s t  ASTM 
r e f e r e n c e  thermometer 

Run b l a n k  evapora-  
t i o n s  p r i o r  t o  f i e l d  
use t o  e l i m i n a t e  high 
s o l i d s  ( o n l y  r e q u i r e d  
i f  impinges c o n t e n t s  
t o  b e  ana lyzed)  

P r i o r  t o  each f i e l d  
t e s t ,  observe  d r y i n g  
time i f  a p p r o p r i a t e ;  
check weighings 

P r i o r  t o  each s h i p -  
m e n t ,  check packing  
of equipment 

As above 

Act ion i f  
requirements 
a r e  n o t  met 

As above 

R e d i s t i l l  o r  
rep l a c e  

- 

Repeat  proce-  
dure 

Repack 

As above 

A s  above 
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4 . 0  ON-SITE MEASUREMENTS 
The on - s i t e  a c t i v i t i e s  inc lude  t r a n s p o r t i n g  t h e  equipment t o  

t he  test s i t e ,  unpacking and assembling the  equipment, making 
d u c t  measurements, determining whether the s t a c k  gas i s  s a t u r a t e d  
o r  has water d r o p l e t s ,  charging t h e  impingers,  ob ta in ing  a sam- 
p l e ,  and recording d a t a .  Table 4 .1  a t  t h e  end of t h i s  s e c t i o n  
summarizes t h e  o n - s i t e  q u a l i t y  assurance a c t i v i t i e s  and Figure 
4 . 1  i s  an on - s i t e  measxement c h e c k l i s t .  Blank d a t a  forms a r e  i n  
Sec t ion  3.3.12 f o r  t h e  convenience of t h e  Handbook use r .  
4 . 1  Handlinq Equipment 

The most e f f i c i e n t  means of t r a n s p o r t i n g  o r  moving t h e  
equipment from ground l e v e l  t o  t he  sampling s i t e  should be 
decided dur ing  the  pre l iminary  s i t e  v i s i t  o r  through p r i o r  cor- 
respondence t o  minimize damage t o  the t e s t  equipment o r  i n j u r y  t o  
test personnel .  A a rea  should be designated for  
assembling the  sampling t r a i n ,  p l a c i n g  t h e  f i l t e r  i n  the f i l t e r  
ho lde r ,  charging t h e  impingers, recovering t h e  sample, and docu- 
menting the  results; t h i s  a r ea  should be c l ean  and should be  free 
o f  excess ive  d r a f t s .  
4 . 2  Sampling 

The o n - s i t e  sampling inc ludes  a d d i t i o n  of t he  water  and 
s i l i c a  g e l  t o  the irnpingers; s e t u p  of the sampling t r a i n ;  con- 
nec t ion  t o  t he  e l e c t r i c a l  service; p repa ra t ion  of t h e  probe ( l e a k  
check of e n t i r e  sampling t r a i n  and a d d i t i o n  of p a r t i c u l a t e  fil- 
t e r ) ;  i n s e r t i o n  of the probe i n t o  s t a c k ;  s e a l i n g  of the por t ;  
check o f  the probe temperature;  and sampling and record ing  the 
d a t a  (F igure  4 . 2 ) .  A f i n a l  leak check of the  t r a i n  is mandatory 
after sampling. 
4 . 2 . 1  Pre l iminary  Measurements and Setup - The sampling S i te  
should be selected i n  accordance w i t h  Method 1. If  t h i s  is 
imposs ib le  due t o  d u c t  con f igu ra t ion  o r  o t h e r  reasons,  the 
s i t e  should be approved by t he  admin i s t r a to r .  A 115 V, 30-A 
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Procedure used: Reference / Approximate 
Reference Method 

-9=- Conducted s imultaneously with p o l l u t a n t  emission t e s t ?  

Impingers p rope r ly  placed?* 

Impinger conten t :  1s t  &urn/ H,O 2nd /Mn/ 3rd  
* '  

4 t h  2 9  5&-99~/ Modif icat ions 

Cooling System: Crushed ice  r /  Other 

Sampling time p e r  p o i n t  cm4v 
Probe h e a t e r  ( i f  a p p l i c a b l e )  on? Temp J50'F ws 

U 

Crushed i c e  i n  ice  ba th?  

Leak check? ( o p t i o n a l )  

Sampling r a t e  cons t an t  (w i th in  lo%)?* 

All d a t a  p rope r ly  recorded?* 

P o s t t e s t  l e a k  check?* (mandatory) 

U 

0. 0 ---+=-- Leakage rate 

~ - 
Leakage r a t e *  0.0 

Analysis  - Impinger Content 

Method: Volumetric v/  Gravimetric 
Measurement of volume of  water condensed: 

---4=-- Other Graduated c y l i n d e r  

Measurement of  s i l i c a  ge l :  Balance r /  Other 

C o l o r  o f  s i l i c a  g e l ?  -& Condition ~ & i ? % . d  r t  
Y 

All a n a l y t i c a l  d a t a  proper ly  recorded? /m 

*Most s i g n i f i c a n t  items/parameters t o  be checked. 

Figure 4 . 1  O n - s i t e  measurement c h e c k l i s t  



G\cs% P1 ant  Probe mater ia l  
Location br A D I  0 M- Je? Sample box number XG - r, 
Date % I  I 0 j7Y Meter AH@ I A I  

Ambient temperature "KFinal l eak  ra te  0.00 

Probe length Aft) w 44 Thermometer number B p  - -9 

Opera tor?,, Meter box.number F M  - a 
j,o9 L Run number' 'A?? D j$;,%Meter c a l .  (Y> 

Barometric pressure 2 Vacuum during leak check 2.0 

S t a t i c  pressure -1R.n i n  #s 

cdt3mdcn w w m m  

m r- 
0 Q P . O  

D O 3  
0 3 3  

% $2.: 

v z 3  
p 6 0 .  
O'C 

(1.1 a t o  J.g? . V Pinal  - V i n i t i a l  
number o f  points ;k Acceptable AVm = 0 . 9  < 

Figure 4.2 Method 4 f i e l d  and sample recovery data form. 
.. 
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electrical supply is necessary to operate the standard sampling 
train. A minimum of eight traverse points should be used for 
rectangular stacks having equivalent diameters <0.61 m ((24 in.), 
and a minimum of 12 should be used for all other stacks unless 
otherwise specified by the administrator. Record all data on the 
traverse point location form shown in Section 3.0 (introduction 
to this volume). These measurements will be used to locate the 
sampling probe during preliminary measurements and actual sam- 
pling. 

Select a suitable probe liner and probe length so that all 
traverse points can be sampled. For large stacks, consider 
sampling from opposite sides of the stack to reduce the length of 
the probe. 

Select a total sampling time so that a minimum gas volume of 
0.60 sm3 (21 sft ) can be collected at a constant rate of &0.021 3 

3 3 m /min (0 .75 ft /m). The rate can be limited by selecting a 
pressure drop ( A H )  which is < A X 9  for the orifice meter. 
Note: - If moisture saturated or droplet-laden gas streams are 
suspected, two calculations of the moisture content of the stack 
gas should be made--one using a value based on the saturated 
conditions (Equation 4-1) and another using the results of the 
impinger analysis. The lower of these two Bws values should be 
considered correct. 

To determine the moisture content in moisture saturated or 
droplet-laden gas streams, attach a temperature sensor capable of: 
measuring fl°C (2OF) to the probe; measure the stack gas tempera- 
ture at each traverse point during the traverse; measure the  
absolute stack pressure. Determine the moisture percentage, 
either by: 

1. Using a psychrometric chart and making appropriate 
corrections if stack pressure is different from that of the 
chart, or 

and 6.1B of Section 3.3.6 and Equation 4-1. 
2 .  Using s a t u r a t i o n  vapor pressure. (S.V.P.) Tables 6 . 1 A  
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S . V . Y .  

+ 
B =  m u a t i o n  4-1 

' s t a t i c  ws 
'bar 13 .6  

where 
= water vapor i n  t h e  gas s t ream, p ropor t ion  by 

S.V.P. = s a t u r a t e d  vapor p re s su re  o f  water a t  average 

Bws 
volume 

s t a c k  temperature ,  mm ( i n . )  Hg 
= barometr ic  p re s su re ,  mm ( i n . )  Hg, and 
= s t a t i c  p re s su re  of t h e  s t a c k ,  mm ( i n . )  H20. 

'bar 
' s t a t i c  

I f  t h e  psychrometric c h a r t  o r  t h e  s a t u r a t i o n  vapor p r e s s u r e  
t a b l e s  a r e  n o t  a p p l i c a b l e  (based on eva lua t ion  of  t h e  process), 
a l t e r n a t e  methods approved by t h e  admin i s t r a to r  should be used. 

The s t a c k  gas can be checked f o r  s a t u r a t i o n  with w e t  and dry 
b u l b  thermometers. When t h e  s t a c k  i s  s a t u r a t e d ,  t h e  w e t  and d ry  
bulb  temperatures  a r e  t h e  same. This w i l l  n o t ,  however, check 
f o r  t h e  presence of water d r o p l e t s .  
4.2.2 Condenser P repa ra t ion  - Place  known volumes of water  i n  
t h e  f i r s t  and second impingers;  g e n e r a l l y ,  100 ml i n  each i m -  
F inger  i s  adequate.  Immerse t h e  t i p s  of t h e  impinger tubes a t  
l e a s t  1 3 . 0  mm ( 0 . 5  i n . )  i n  t h e  water .  The t h i r d  impinger should 
be l e f t  dry  t o  t r a p  any e n t r a i n e d  water d r o p l e t s .  Place a known 
amount of s i l i c a  g e l  i n  t h e  f o u r t h  impinger; g e n e r a l l y ,  200 g 1s 
s u f f i c i e n t .  Record the amount of water  and s i l i c a  gel placed in 
t h e  impingers.  If t h e  s t a c k  temperature i s  high >4OO0C (752'F), 
a l o w e r  sampling r a t e  may be necessary t o  maintain t h e  tempera- 
ture l e a v i n g  the f o u r t h  impinger a t  L 2 O 0 C  (568OF). 

A l t e r n a t i v e l y ,  each impinger and i t s  con ten t s  can be weighed 
t o  t h e  n e a r e s t  0 . 5  g .  Record these weights on t h e  a n a l y t i c a l  
d a t a  form (F igure  4 . 3 )  f o r  determining t h e  amount of water con- 
densed. 
4 . 2 . 3  Samplinq Tra in  Assembly - Assemble t h e  sampling t r a i n  as 
shown i n  Figure 1.1, and perform the  fol lowing:  

1. A d j u s t  t h e  probe h e a t e r  t o  ope ra t ing  temperature ,  and 
p l a c e  crushed i c e  and water around t h e  impingers.  
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Volume of l i q u i d  
water c o l l e c t e d  

Impinger s i l i c a  ge l  
volume, weight,  

m l  g 
Fina l  2-7 I zt5o 

I n i t i a l  2-m 203.5- 
Liquid c o l l e c t e d  71 / / .  5 

Tota l  volume c o l l e c t e d  

Increase, Q = water volume, m l .  1 g/ml 

Figure 4.3 Method 4 a n a l y t i c a l  da t a  form. 

2 .  Leak check t h e  sampling t r a i n  just p r i o r  t o  use by 
d isconnec t ing  t h e  probe from t h e  first impinger o r  ( i f  app l i -  
cable ,  from t h e  f i l t e r  h o l d e r ) ;  plug t he  i n l e t  t o  t h e  f i rs t  
impinger ( o r  f i l t e r  h o l d e r ) ;  and p u l l  a 380 mm (15 i n . )  H g  
vacuum. I f  t h e  leakage r a t e  i s  >4% of t h e  average sampling r a t e  

i s  unacceptable .  T h i s  l eak  check i s  recommended b u t  n o t  manda- 
t o r y .  

P lace  a l o o s e l y  packed f i l t e r  of g l a s s  wool i n  t he  end 
of t h e  probe if an e x t e r n a l  heated f i l t e r  i s  no t  used, and con- 
n e c t  t h e  probe t o  t h e  sampling t r a i n .  

4 .  Attach a s t a c k  temperature sensor  on the probe when 
r equ i r ed .  
4 . 2 . 4  Samplinq Tra in  Operation (Constant  Rate)  - Sampling i s  

f t  / m )  o r  l e s s  during t h e  e n t i r e  pe r iod  a s  follows: 

o r  i f  it i s  > 0 . 0 0 0 5 7  m 3 /min ( 0 . 0 2  f t  3 /m), whichever is less ,  it - 

3. 

performed a t  a cons t an t  r a t e  o f  approximately 0 . 0 2  m 3 /min ( 0 . 7 5  
3 
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1. Record the i n i t i a l  d ry  gas  meter r e a d i n g s ,  barometr ic  

P o s i t i o n  t h e  t i p  of t h e  probe a t  t h e  f i r s t  sampling 
p r e s s u r e s ,  and o t h e r  d a t a  a s  i n d i c a t e d  i n  F igu re  4 . 2 .  

p o i r , t ,  and t u r n  on t h e  pump. 
2 .  

3 .  Adjus t  t h e  sample flow t o  t h e  predetermined c o n s t a n t  

4 .  Take o t h e r  r ead ings  r e q u i r e d  by F i g u r e  4 . 2  a t  l e a s t  

5 .  Record t h e  dry  gas  meter r ead ings  a t  t h e  end of  each  

r a t e  of 0 . 0 2 1  m 3 /min ( 0 . 7 5  f t  3 / m )  o r  l e s s .  

once a t  each  sample p o i n t  du r ing  each time increment .  

t i m e  increment .  
6 .  Record t h e  s t a c k  gas  tempera ture  a t  each p o i n t  when t h e  

s t a c k  gas  i s  s a t u r a t e d  o r  has  water  d r o p l e t s .  
7 .  The s t a t i c  p r e s s u r e  of t h e  s t a c k  must also be deter- 

mined when t h e  mois ture  c o n t e n t  i s  t o  be c a l c u l a t e d  u s i n g  t h e  
pErtial p r e s s u r e  method. 

8 .  

9 .  Turn off t h e  pump, remove probe from t h e  s t a c k ,  and 
Repeat s t e p s  3 through 5 f o r  each sampling p o i n t .  

r eco rd  t h e  f i n a l  r ead ings  a f t e r  each t r a v e r s e .  

l a s t  t r a v e r s e ,  and r eco rd  a l l  l eakage  r a t e s .  
mandatory. 

10. Leak check ( a s  d e s c r i b e d  i n  Subsec t ion  4 . 2 . 3 )  a f t e r  t h e  
T h i s  l e a k  check is 

11. Cap t h e  impingers  w i th  serum caps  ( o r  e q u i v a l e n t )  and 
t r a n s p o r t  t o  t h e  sample c leanup a r e a  i f  t h e  t r a i n  p a s s e s  t h e  l e a k  
check. I f  it does n o t ,  e i t h e r  re ject  t h e  test r e s u l t s  o r  c o r r e c t  
t h e  sample volume (see  Sec t ion  3 . 4 . 6 ) .  

1 2 .  Check t h e  sampling r a t e  and t h e  sample volume ( A V m )  for 
each p o i n t .  The  volume f o r  each p o i n t  should  be w i t h i n  *lo% of 
t h e  average sample volume f o r  a l l  p o i n t s .  If a l l  are w i t h i n  t h e  

l i m i t ,  t h e n  t h e  sample run  i s  a c c e p t a b l e ;  o the rwise ,  re ject  t h e  
r e s u l t s  and e i t h e r  r e p e a t  t h e  t e s t  run  o r  c o n s u l t  t h e  admin i s t r a -  
t o r .  
4 . 3  Sample Recovery 

Measure t he  volume of  t h e  condensed moi s tu re  t o  t h e  n e a r e s t  

1 ml. Determine t h e  i n c r e a s e  i n  weight  o f  t h e  s i l i c a  g e l  ( o r  g e l  
p l u s  impinger)  t o  t h e  n e a r e s t  0 . 5  g .  Record t h e s e  d a t a  on t h e  
data form shown i n  F igure  4 . 3  o r  on a s i m i l a r  form. 
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4.4 Sample Loqistics, Data Collection, and Equipment Packinq 
Follow the above procedures until the required number of 

r u n s  are completed. At the completion of the test: 
1. Be sure that all data recorded during the field test 

are duplicated by using carbon paper or by using data forms and a 

laboratory notebook. Mail one set of data to the base labora- 
tory, or give it to another team member or the agency, and have 
t h e  other handcarried. 

2. Examine all sampling equipment for damage and for 
proper packing for shipment. Label all shipping containers 
properly to prevent sample or equipment loss. 
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T a b l e  4 . 1  ACTIVITY MATRIX FOR ON-SITE MEASUREMENT CHECKS 
I 

Appa r a  tus 

Condenser ,  
a d d i t i o n  of 
w a t e r  and 
s i l i c a  g e l  
t o  system 

Assembling 
sampling 
t r a i n  

Sampling 

Acceptance l i m i t s  

100 m l  of  d i s t i l l e d  
w a t e r  i n  f i r s t  two 
impingers ;  approximate-  
ly 200 g o f  s i l i c a  g e l  
in f o u r t h  impinger  

1. Assembled to s p e c i -  
f i c a t i o n s  i n  F i g  1.1 

2 .  Leak a t e  (4% o r  

f t  / m i n > ,  whichever i s  
less 

0.90057 m 5 .  /min (0.02 

1. Sampling volume f o r  
each  p o i n t  w i t h i n  510% 
of average  sample volumc 
f o r  a l l  p o i n t s  

2 .  Minimum t o t a l  sam- 
pltj g a s  volyme of  0.60 
s m  ( 2 1  s f t  ) a t  a con- 

3 s t a n t  sa r jp l ing  r a t e  
(0.021 rn /min (0.75 f t  I 
min) 
- 

3 ,  Minimum number and 
location of p o i n t s  
s p e c i f i e d  by Method 1 

:requency and method 
o f  measurements 

~ .- 

3 i t h e r  use  g r a d u a t e d  
: y l i n d e r  t o  measure 
q a t e r  o r  weigh e a c h  
impinger and i t s  con- 
Lents t o  n e a r e s t  0.5 g 

1. Assemble before 
:ach sample run 

2 .  Leak check before 
;ampling by p l u g g i n g  
;he nozzle o r  i n l e t  
LO f i r s t  impinger  and 
l u l l i n g  a vacuum o f  
380 mm (15 i n . )  Hg 

1 .  C a l c u l a t e  f o r  
iach  t e s t  r u n  

.- 

2 .  Make a q u i c k  c a l -  
Eula t ion  b e f o r e  t es t -  
ing;  do an  e x a c t  c a l -  
x l a t i o n  a f t e r  t r a -  
terse 

3 .  Check b e f o r e  t h e  
f i r s t  t e s t  run  by mea- 
s u r i n g  d u c t  and u s i n g  
Method 1 

k t i o n  i f  
requirements 
hre n o t  met 

Zorrect  t h e  
r d d i t i o n s  

I .  Reassemble 

!. C o r r e c t  
leak 

I .  Repeat  t e s t  
c un 

2 .  As above 

3 .  Repeat  t h e  
procedure  t o  
comply w i t h  
s p e c i f i c a t i o n s  
of Method 1 

( c o n t i n u e d )  



Table 4 . 1  (cont inued)  

Jolume of mois ture  
rondensed t o  n e a r e s t  
1 m l ;  weight increase 
3 f  s i l i c a  gel t o  
neares t  0 .5  g 

1. All da ta  recorded 
c o r r e c t l y  

Apparatus 

Sampling ( con t . )  

Use volumetr ic /  
g rav ime t r i c  measure- 
ment 

1. A f t e r  completion 
o f  each tes t  and be- 
fore  packing 

Sample recovery 

Sample logis- 
t i c s ,  d a t a  
c o l l e c t i o n ,  
and packing 
o f  equipment 
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i. Leakage r a t e  (4% 
)f t h e  average sampling 
golume o r  <0.00057 m3/ 
nin (0.02 7t3/min>,  
shichever  is less  

4. Leak check a f t e r  
each t e s t  run o r  be- 
fore  equipment re- 
placement dur ing  t es t  
a t  t h e  maximum vacuum 
dur ing  t h e  t es t  (man- 
da t o ry  ) 

2. All equipment exam- 
ined f o r  damage and 
l abe led  f o r  shipment 

3. All sample conta in-  
e rs  and blanks prope r ly  
labeled and packaged 

2 .  As above 

3.  V i sua l ly  check 
upon completion of 
each sample 

ac t ion  i f  
requirements 
are no t  met 

C. Correc t  t h e  
sample volume, o r  
repeat  the sample 
C U n  

Repeat the 
neasurement 

1. Complete 
t h e  da ta  

2 .  Repeat the 
sampling i f  
damage occurred 
during t e s t  

3. Correc t  when 
p o s s i b l e  
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5 .  C ?OSTSMlPLING OPERATIONS 

Table  5 . 1  a t  t h e  end o f  t h i s  s e c t i o n  summarizes t h e  q u a l i t y  
a s s u r a n c e  a c t i v i t i e s  f o r  p o s t s a m p l i n g  o p e r a t i o n s .  

P o s t t e s t  checks  w i l l  have  t o  be  made on most of t h e  sampl ing  
a p p x - a t u s .  The checks  w i l l  i n c l u d e  t h r e e  c a l i b r a t i o n  runs a t  a 
s i n g l e  o r i f i c e  meter s e t t i n g ;  c l e a n i n g ;  and/or  r o u t i n e  main- 
t e n a c e .  The c l e a n i n g  and main tenance  a r e  d i s c u s s e d  i n  
AFTD -i!S562. F i g u r e  5 . 1  s h o u l d  be  used  t o  r e c o r d  t h e  p o s t t e s t  
c h e c k s .  
5 . 1 . 1  Metei-ina Systeni - The m e t e r i n g  sys tem h a s  two components 
t h a t  m u s t  be  checked-- the  d r y  g a s  meter and t h e  d r y  gas meter 
tnerniome t e r  ( s ) . 

The d r y  g a s  meter t h e r m o m e t e r ( s )  s h o u l d  be  compared w i t h  t h e  
ASTM mercury - i n  - g l a s s  thermometex- a t  room t e m p e r a t u r e .  I f  t h e  
two r e a d i n g s  a g r e e  w i t h i n  6OC ( 1 0 . 8 O F ) ,  t h e y  a r e  a c c e p t a b l e ;  if 
n o t ,  t h e  thermometer  must be  r e c a l i b r a t e d  a c c o r d i n g  t o  S e c t i o n  
3 . 3 . 2  a f t e r  t h e  p o s t t e s t  check  of t h e  d r y  g a s  m e t e r .  Fo r  CalCu- 
i a t i c n s ,  u s e  t h e  d r y  g a s  meter thermometer  r e a d i n g s  ( f i e l d  o r  
r e c a l i b r a t i o n  v a l u e s  ) t h a t  would g i v e  t h e  h i g h e r  t e m p e r a t u r e s - -  
t h a t  i s ,  i f  t h e  f i e l d  r e a d i n g s  a r e  h i g h e r ,  no c o r r e c t i o n  i s  
n e c e s s a r y ,  b u t  i f  t h e  r e c a l i b r a t i o n  v a l u e  i s  h i g h e r ,  add t h e  
d i f f e r e n c e  i n  t h e  two r e a d i n g s  t o  t h e  a v e r a g e  d r y  gas meter 
t e m p e r a t u r e  r e a d i n g .  

The d r y  g a s  metelr m u s t  be p o s t t e s t e d  ( S e c t i o n  3 . 3 . 2 ) .  The 
neLer ing  sys tem s h o u l d  n o t  have any o f  t h e  l e a k s  t h a t  were c o r -  
r e c t e d  p r i o r  t o  t h e  p o s t t e s t  check .  I f  t h e  d r y  gas meter c a l i -  
b r a t i o n  f a c t o r  ( Y )  does  n o t  d e v i a t e  by >5% .from t h e  i n i t i a l  
c a l i b r a t i o n  f a c t o r ,  the dry  g a s  metei- volumes o b t a i n e d  d u r i n g  t h e  
t e s t  se r ies  a r e  a c c e p t a b l e .  I f  Y d e v i a t e s  by >5%, r e c a l i b r a t e  
t h e  m e t e r i n g  system ( S e c t i o n  3 . 3 . 2  ) . 

.__. .-' 
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Pate  1 / I  XI&? Calibrated by M r ,  f .  
- 

Xrtel- box number c 

D1-y Gas Meter 

?retest calibration factor Y 
Fosttest checks, Y1 a 9 ~ 7  

WL (must be within 52%)*  
(must be within &5% of Y2 pretest 1 

Recalibraiion required? Yes / no If yes, recalibration factor Y (must be within &2%)* 
Lower calibration factor, Y om+, for calculations (pretest 

or posttest)* 

Recalibraiion required? wn,- / no ~ J I I U B  t be within &2%) * 
h a 2 1  - for calculations (pretest 

D r y  Gas Thermometer 

Was a pretest meter temperature correcton used? yes J no 
If yes, temperature correction - - (witKf3OC = O F )  
over ranael* 

(within + 6 O C  (10.8'F) at room temperature 4 Post test Gomparison with mercury-in-glass thermometer 

Recalibration temperature correction, if used - (within f3 'C (5.4'F) over range)* 
if yes; no correction is necessary for calculations when meter 
thermometer temperature is higher. 

If recalibration temperature is higher, add correction to average 
meter temperature for calculations 

- 
Recalibration required? Yes / 110 

Barometer 

Was pretest field barometer reading correct yes no Posttest comparison m (in.) H g m m m  ( 0 . 1 m  Hg 

If y e s ;  no'correction is necessary f o r  calculations when the 
field barometer has the lower reading 

If the mercury-in-glass reading is lower, then subtract the dif- 
ference from the f i e l d  data readings for the calculation 

Was recalibration required? yes- /- no 

S t a c k  Gas Temperature Sensor (if required) 

Average stack temperature 
P o s t t e s t  comparison 
Was recalibration required? yes / no 

/.3fj- O C  (m 
133p [within AZ°C (4'F)I* 9 

*Most significant items/pararneters to be checked. 

F i g u r e  5.1 P o s t t e s t  equipment checks. 
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For  t h e  c a l c u l a t i o n s ,  use t h e  c a l i b r a t i o n  f a c t o r  ( i n i t i a l  o r  
r e c a l i b r a t i o n )  t h a t  y i e l d s  t h e  lower gas volume f o r  each t e s t  
1-un.  

5 . 1 . 2  B a 1-om e t e r The f i e l d  barometer should be compared t o  t h e  

mercury - i n  -g l a s s  barometer.  If t h e  readings  agree wi th in  f 5  mm 
( 0 . 2  i n . )  Hg, t h e  f i e l d  readings a r e  acceptab le ;  i f  n o t ,  u s e  t h e  
l e s s e r  c a l i b r a t i o n  value f o r  t h e  c a l c u l a t i o n s .  I f  t h e  field 

barometer reads  lower than t h e  mercury- in-g lass  barometer,  t h e  
f i e l d  da t a  a r e  acceptab le .  If t h e  mercury- in-g lass  barometer 
g ives  t h e  lower  reading ,  u s e  t h e  d i f f e r e n c e  i n  t h e  two readings  
( t h e  ad jus t ed  barometr ic  v a l u e )  i n  t h e  c a l c u l a t i o n s .  
5 . 1 . 3  Stack Gas Temperature Sensor - The s t a c k  gas temperature 
s e n s o r  should  be compared w i t h  an ASTM mercury-in-glass refer- 
ence thermometer . Place  both t h e  s t a c k  sensor  and r e f e r e n c e  

thermometer i n  an atmosphere ( a i r  o r  wa te r )  t h a t  i s  wi th in  fSoC 
( l O ° F )  of t h e  average s t a c k  temperature .  I f  both va lues  agree  

wi th in  fZ°C ( 4 O F )  t hen  t h e  p r e t e s t  c a l i b r a t i o n  i s  acceptab le .  
I f  n o t ,  then c a l c u l a t e  t h e  moisture  con ten t  us ing  both t h e  pre-  
t e s t  c a l i b r a t i o n  and t h e  p o s t t e s t  co r rec t ed  va lues .  I f  e i t h e r  Or 

both c a l c u l a t e d  va lues  a r e  g r e a t e r  than  t h e  measured moi s tu re ,  
then  e i t h e r  o r  both may be e l imina ted  from any f i n a l  emissions 
c a l c u l a t i o n s .  
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Table 5 . 1  ACTIVITY MATRIX FOR POSTTEST OPERATIONS 

.\py;i r a  t u s  

Dry  g3's meter 

Dry gas meter 
t he  rmome t e r  

B a r onie t e r 

S t  a cl: tempera - 
t u re  sensor  

Acceptance limits 

Within +5% of the  i n i -  
t i a l  c a l i b r a t i o n  fac-  
t o r  

Within 26OC (10.8OF) 
a t  room temperature  

Within 25 mm (0 .2  i n . )  
Hg a t  ambient p re s su re  

Within t 2 O C  ( 4 O F )  of  
t he  r e fe rence  check 
temperature  

Frequency and method 
of measurements 

Make t h r e e  runs a t  a 
s i n g l e ,  i n t e rmed ia t e  
o r i f i c e  s e t t i n g  and 
a t  h ighes t  vacuum 
occur r ing  dur ing  
t e s t  (Sec 3.3.2) 

~ 

Compare wi th  ASTM 
mercury-in-glass  
thermometer a f t e r  
each f i e l d  t e s t  

Compare with mercury- 
i n - g l a s s  barometer 
a f t e r  each f i e l d  
t e s t  

Af t e r  each run ,  com- 
pa re  wi th  r e fe rence  
temperature  

Action i f  
requirements 
a r e  no t  met 

Reca l ib ra t e  ; 
use  c a l i b r a t i o n  
f a c t o r  t h a t  
g ives  lesser 
sample volume 

Reca 1 i b r a  t e  ; 
use h igher  
temperature  
f o r  ca l cu la -  
t i o n s  

Reca 1 i b  r a t e  ; 
use lower 
barometr ic  
va lues  f o r  
c a l c u l a t i o n s  

Reca l ibra  t e  ; 
perform calcu-  
l a t i o n s  wi th  
and wi thout  
temperature  
c o r r e c t i o n  
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6.0 CALCULATIONS 
Calculation e r r o r s  due t o  mathematical mistakes can be a 

l a rge  p a r t  of t o t a l  system e r r o r .  Therefore, each s e t  of calcu- 
l a t i o n s  should be repeated o r  spot-checked by a team member o ther  
than the one who performed them o r ig ina l ly .  I f  a d i f fe rence  
g rea t e r  than a t y p i c a l  roundoff e r r o r  i s  detected,  t h e  ca lcu la-  
t i o n s  should be checked s t e p  by s tep  u n t i l  t h e  source of e r r o r  is 
found and cor rec ted .  A computer program can be advantageous i n  
reducing ca l cu la t ion  e r r o r s .  I f  a standardized computer program 
is  used, the o r i g i n a l  da t a  en t ry  should be checked; i f  d i f fe r -  
ences a re  observed, a new computer run should be made. Table 6 . 2  

a t  the  end of t h i s  s e c t i o n  summarizes the  q u a l i t y  assurance 
a c t i v i t i e s  f o r  ca l cu la t ions .  

Carryout c a l c u l a t i o n s ,  r e t a in ing  a t  l e a s t  one significant 
d i g i t  beyond t h a t  of t h e  acquired data .  Roundoff a f t e r  f i n a l  
ca lcu la t ions  t o  two s i g n i f i c a n t  d i g i t s  for each run or sample i n  
accordance with t h e  ASTM 380-76 procedures. Record t h e  r e s u l t s  
on Figure 6.1A, 6.lB, or  6.1C. 
6.1 Nomenclature 

The terms def ined and l i s t e d  a lphabet ica l ly  herein a r e  t o  be 
used i n  ca l cu la t ing  dry gas and water vapor volumes and m o i s t u r e  
contents ,  and i n  ve r i fy ing  constant sampling r a t e .  

Water vapor i n  the  gas stream, proportion by volume 

Average pressure  d i f f e r e n t i a l  across t h e  o r i f i c e  
meter, mm ( i n . )  H20 

Measurement of pressure d i f f e r e n t i a l  across the 
o r i f i c e  m e t e r ,  mm ( i n . )  H20 

Maximum acceptable  leakage r a t e  f o r  e i t h e r  a p r e t e s t  
l eak  check o r  a leak check3following a compgnent 
change; equal t o  0.00057 m /min (0.01995 f t  /min) 

Molecular weight of water, 18.0 g/g-mole 
(18.0 lb/lb-mole) 
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'bar 

'm 

pS 

' s t a t i c  

'std 

P W  

R 

S.V.P. 

Tm 

Ts td  

vf 

'i 

'In 

*'rn 

"rn(std) 

vS 

- - 
'wc( s t d )  

'wsg( s t d )  
- - 

- - 
wf 

'i 
- - 

- Y - 

Barometric pressure ,  mm ( i n . )  Hg 

Absolute pressure  a t  t h e  dry  gas meter ( f o r  t h i s  
method, same as barometric p re s su re ) ,  mm ( i n . )  H g  

Absolute s t a c k  pressure ,  mm ( i n . )  Hg 

S ta t i c  p re s su re  of t h e  s t ack ,  mm ( i n . )  H 2 0  

Standard absolu te  pressure ,  760 mm (29.92 i n .  ) '  Hg 

Density of water ,  0.9982 g/ml ( 0 . 0 0 2 2 0 1  lb/ml) 

f o r  metric u n i t s  and 21.85 ( i n .  Hg) ( f t  ) /( lb-mole) 
( O R )  f o r  Engl ish u n i t s  

Idea l  gas cons tan t ,  0.06236 (mm Hg) ( m  3 d/(g-mole) ( K )  

Sa tura ted  vapor pressure  of water a t  average s t a c k  
temperature,  mm ( i n . )  Hg 

Absolute average dry  gas meter temperature, K (OR) 

Standard absolu te  temperature, 298K (528'R) 

F ina l  volume of condenser water,  m l  

I n i t i a l  volume of condenser water, m l  

Volume of gas sample measured by dry gas meter, dcm 
( d c f )  

Incremental volume3measured by dry gas meter a t  each 
t r a v e r s e  p o i n t ,  dm ( d c f )  

Volume of gas sample measured by the  gry gas meter ,  
co r rec t ed  t o  s tandard  condi t ions,  dsm ( d s c f )  

Stack gas v e l o c i t y ,  ca l cu la t ed  by Method 2 ,  u s ing  
d a t a  from Method 5 ,  m / s  ( f t / s )  

Volume of  condensed watgr vapor, correCted t o  
s tandard condi t ions ,  s m  ( s c f )  

Volume of water vapor co l l ec t ed  i n  s j l i c a  g e l ,  
cor rec ted  t o  s tandard condi t ions,  s m  (scf)  

F ina l  weight of s i l i c a  ge l  o r  s i l i c a  ge l  p lus  
impinger, g 

I n i t i a l  weight of  s i l i c a  g e l  o r  s i l i c a  g e l  p l u s  
impinger, g 

Dry gas meter c a l i b r a t i o n  f a c t o r  
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6 . 2  Condensed Water Vapor Volume 

Equation 6-1 

where 

K1 = 0.001333 m 3 / m l  f o r  metric u n i t s ,  o r  

= 0.04707 f t 3 / m l  f o r  English u n i t s .  

6.3 Water Vapor Volume Collected i n  S i l i c a  G e l  

- ('f - 'i) RTstd 
- = K 2 ( W f  - Wi) Equation 6-2 'wsg( s t d )  'std Mw 

where 

K2 = 0.001335 m 3 /g f o r  metric u n i t s ,  o r  

= 0.04715 ft3/g f o r  English u n i t s .  

6.4 Dry Gas Volume, Corrected t o  Standard Conditions 
Correct t he  sample volume measured by t h e  dry gas meter t o  

standard conditions (2OOC and 760 mm Hg o r  68OF and 29.92 i n .  H g )  
by us ing  Equation 6-3. 

- Ts td  - 'm - - '3 'my 'm 
' s  t d  Tm 'm( s t d )  - vmy Equation 6-3 

where 

K3 = 0.3858 K/mm H g  for metric u n i t s ,  o r  

= 17.64 OR/ in .  Hg f o r  English u n i t s .  

Note: - I f  t h e  leak r a t e  observed during any mandatory leak checks 
exceeds the  spec i f i ed  acceptable r a t e  ( L a ) ,  e i t h e r  t h e  value of 
Vm i n  Equation 6-3 may be corrected ( a s  described i n  Sect ion 
3.4.6 of Method 5 )  o r  the  t e s t  run may be inva l ida ted .  
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VOLUME OF WATER VAPOR CONDENSED IN IMPINGERS 

- - Vf - 2 2 L . ml, Vi - 3 1 _O - ml 

'wc(std) = 0.04707 (Vf - Vi) = Q 3 . 3_ 2 2 ft Equation 6-1 

VOLUME OF WATER VAPOR COLLECTED IN SILICA GEL 

g g ,  
- - 

Wf - 3 f .I w1- 9 0  J_ - s g  

= 0.04715 (Wf - Wi) = 4 . 2 9 2  ft3 Equation 6-2 'wsg( std) 

v Y Pm - 
- 3 0 . 9 2 s_ ft3 Equation 6-3 m = 17.64 

'm( s t d )  Tm 

- - 'wc( std) + Vwsg(std) = - 0 - J L 3 _  Equation 6-4 
Bws 'wc(std) + 'wsg(std) + 'm(std) 

Figure 6.1A Moisture content calculation form (English units). 

- ', 
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VOLUME OF WATER VAPOR CONDENSED I N  ZMPINGERS 

Wf 

vw 

'm 

Equation 6-1 

VAPOR COLLECTED IN S I L I C A  GEL 

SAMPLE VOLUME 

3 v Y Pm 

Tm 
m = 0.3858 -- = 0 . _og& f m - 'm ( s t d  ) Equation 6-3 

MOISTURE CONTENT 

" . L L f  Equation 6-4 - 'wc ( s ta + %Sq(sta) 
'wc(std) + 'wsg(std) + "m(std) 

B"s - 

Figure 6.1B. Moisture content calculation form (metric units). 
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MOISTURE CONTENT 

- I . z ~ i n .  H ~ O ,  - - 3 . 8 L mm H ~ O  'static = - 

= 0 .  /ah- - S.V.P - - - 
'static 
13.6 + 'bar 

Figure 6.1C Moisture content calculation form using saturation 
vapor pressure (English and metric units). 

6.5 Moisture Content 

- - 'wc(std) + 'wsg(std Equation 6-4 Bws 'wc(std) + 'wsg(std) + 'm(std) 

Note: I In moisture saturated or droplet-laden gas streaxns, two 
calculations of the moisture content of the s tack  gas should be 
made--one using a value based on t he  sa tura ted  conditions (Equa- 
tion 6d5) and another using the results of the impinger 
analysis. The lower of these two Bws values should be considered 
correct. 

To determine the moisture content in moisture saturated or 
droplet-laden gas streams, attach a temperature sensor capable of 
measuring fl°C (2OF) to the probe; measure the s tack  gas tempera- 
ture at each traverse point during the traverse; measure the 
absolute stack pressure. Determine the moisture percentage, 
either by: 



Section N o .  3.3.6 
Revision N o .  0 
Date January 15, 1980  
Page 7 of 8 

1. Using a psychrometric cha r t  and making appropr ia te  
cor rec t ions  i f  s t ack  pressure i s  d i f f e r e n t  from t h a t  of the 
cha r t ,  o r  

2. Using s a t u r a t i o n  vapor pressureTables  6 . 1 A  and 6.1B 
and Equation 6-5. 

- S.V.P. - 
Bws ' s t a t i c  

13.6 -k 'bar 

Equation 6-5 

If the psychrometric cha r t  o r  the sa tu ra t ion  vapor pressure  
tables a r e  n o t  applicable (based on evaluat ion of the p rocess ) ,  
a l t e r n a t e  methods approved by the  adminis t ra tor  should be used. 
6.6 Constant Sampling R a t e  Ver i f ica t ion  

For each sample poin t ,  determine t h e  AVm and c a l c u l a t e  t he  
average. If t h e  value f o r  any sample p o i n t  d i f f e r s  from t h e  
average by > l o % ,  reject t he  resu l t s  and repea t  t h e  run. 

T a b l e  6.1A VAPOR PRESSURE OF WATER AT SATURATION (OF), - - 
Temp 
O F  

50 
60 
70 
80 
90 

100 
110 
120 
130 
140 

150 
160 
170 
180 

- 

- - 

- 
0 

.3626 

.5218 

.7392 
1.032 
1.422 

1.932 
2.596 
3.446 
4.525 
5 .881 

7.569 
9.652 
12.20 
15.29 

1 

-3764 
.5407 
. X 4 8  
1.066 
1.467 

1.992 
2.672 
3.543 
4.647 
6.034 

7.759 
9.885 
12.48 
15.63 

P 

2 

.3906 

.560f - 7912 
1.102 
1.513 

2.052 
2.749 
3.642 
4.772 
6.190 

7 - 952 
10.12 
12.77 
15 98 

s _ _ r  
3 

.4052 
-5802 
.a183 
1.138 
1 .561 

2.114 
2.829 
3.744 
4.900 
6.380 

8.150 
10.36 
13-07 
16 .34  

4 

.4203 
-6009 
.8462 
1.175 
1.610 

2.178 
2.911 
3.848 
5.031 
6.513 

8.351 
10.61 
13.37 
16.70 

I_ 

5 

.4359 
-6222 
.8750 
1.213 
1.660 

2.243 
2.995 
3.954 
5.165 
6.680 

8.557 
10.86 
13.67 
17.07 

6 

.4520 
6442 

.9046 
1.253 
1.712 

2.310 
3.081 
4.063 
5.302 
6.850 

8.767 
11.12 
'63.98 
17.44 

.4586 .4858 

.6669 .6903 

.9352 .9666 
1.293 1.335 
1.765 1.319 

2.379 2.449 
3.169 3.259 
4.174 4.259 
5.442 5.585 
7.024 7 .202  

6 .981  9 .200  
11.38 11.65 
14.30 14.62 
17.82 18 .21  

I 

i n .  Hg 

9 

.5035 

.7144 

.9989 
1.378 
1.875 

2.921 
3.351 
4.406 
5.732 
7 .334 

9.424 
11.92 
14 96 
18.61  

I__ 



Section No. 3.3.6 
Revision No. 0 
Date January  15, 1980 
Page 8 of 8 

5 6 7 8 

VAPOR PRESSURE OF WATER AT SATURATION ( " C ) ,  mM Hg - . - I  - _ I . .  

9 
Temp 
oc 0 

10 9.20 
20 17.50 
30 31.83 
40 55.32 
50 92.51 
60 149.38 
70 233.68 
80 355.09 

2 1 

9.92 
18.77 
33.91 
58.67 
97.74 
157.23 
245.16 
371.35 

~~ 

10.67 
20.1 
36.12 
62.20 
103.20 
165.43 
257.05 
388.37 

11.07 
20.78 
37.26 
64.03 
106.02 
169.67 
263.14 

-7 3 

11.65 
22.23 
39.65 
67.87 
111.91 
178.41 
275.84 

12.79 
23.80 
42.16 
71.86 
118.03 
187.55 
289.05 

13.73 
25.15 
44.83 
76.07 
124.46 
197.08 
302.77 

14.74 
27.09 
47.63 
80.49 
131.19 
207.01 
316.99 

15.26 
27.98 
49.07 
82.78 
134.67 
212.12 
324.36 

I I I I 

Table 6.2 ACTIVITY MATRIX FOR CALCULATION CHECKS 

Characteristics 

Analytical data 
form 

Calculations 

Acceptance limits 

All data and calcula- 
tions are shown 

Difference between 
check and original 
calculations should 
not exceed roundoff 
error 

16.36 
29.85 
52.12 
87.53 
141.86 
222.68 
339.60 

Frequency and method 
of measurement 

Visual check 

Repeat a l l  calcula- 
tions starting with 
raw data for hand 
calculations; check 
a l l  raw data input 
for computer calcu- 
lations and hand 
calculate one sample 
per test 

Action if 
requirements 
are not met 

Complete miss- 
ing data 
values 

Indicate 
errors on 
analytical 
data form, 
Fig 4.2 



Section No. 3 . 3 . 7  
Revision No. 0 
Date January 15, 1980 
Page 1 of 3 

7.0 MAINTENANCE 
Normal use of emission testing equipment subjects it to 

corrosive gases, temperature extremes, vibrations, and shocks. 
Keeping the equipment in good operating order over an extended 
period of time requires routine maintenance and knowledge of the 
equipment. Maintenance of the entire sampling train should be 
performed either quarterly or after 1000 ft of operation, which- 
ever occurs sooner. Maintenance procedures are summarized in 
Table 7.1 at the end of this section. The following procedures 
are recommended, but not required, to increase the reliabilty of 
the equipment. 
7.1 Pumps 

Several types of pumps are used in commercial sampling 
trains. Two of the most common types are the fiber vane pump 
with in-line oiler and the diaphragm pump. The fiber vane pump 
requires a periodic check of the oil and the oiler jar. The used 
oil (usually low nondetergent or machine weight) should be about 
the same translucent color as the unused or spare oil. When the 
fiber vane pump starts to run erratically or when the head is 
removed each year, the fiber vanes should be changed. 

The diaphragm pump requires little maintenance. If the 
diaphragm pump leaks or runs erratically, it is normally due to a 
bad diaphragm or malfunctions in the valves; these parts are 
easily replaced and should be cleaned annually by complete dis- 
assembly of the train. 
7.2 Dry Gas Meters 

3 

The dry gas meter should be checked for excess oil and 
component corrosion by removing the top plate every 3 mo. The 
meter should be disassembled and all components cleaned and 
checked more often if the dials show erratic rotation, or if the 
meter will not calibrate properly. 
7 . 3  Inclined Manometer 

The fluid should be changed when it is discolored or con- 
tains visible matter and when it is disassembled yearly. No 
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other routine maintenance is required since the inclined manom- 
eter is checked during the leak checks of both the pitot tube and 
the entire meter box. 
7.4 Samplinq Train 

All remaining sample train components should be visually 
checked every 3 mo, and they should be completely disassembled 
and cleaned or replaced yearly. Many of the items, such as quick 
disconnects, should be replaced when damaged rather than after 
they are periodically checked. Normally, the best maintenance 
procedure is to replace the entire unit--for example, a meter 
box, sample box, or umbilical cord. 
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F i b e r  vane 
Pump 

T a b l e  7.1 ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE CHECKS 

I I I 

Leak free and r e q u i r e d  P e r i o d i c  check of o i l  
f low j a r ;  remove head, and 

change f i b e r  vanes 

Apparatus 

I I 

Routine main- 
tenance 

1 No excess  o i l ,  cor ro-  
1 s i o n ,  o r  e r r a t i c  r o t a -  

t i o n  of t h e  d i a l  

Acceptance l i m i t s  
Frequency and method 

of measurements 

No e r r a t i c  behavior  Routine maintenance 
q u a r t e r l y ;  disassem- 
ble and c l e a n  y e a r l y  

I I 

Diaphragm pump 

Action i f  
requirements  
a r e  n o t  m e t  

Leak free v a l v e s  func- 
t i o n i n g  p r o p e r l y  w i t h  
r e q u i r e d  f low 

Clean va lves  during 
y e a r l y  disassembly 

Dry gas  meter 

I n c l i n e d  manom- 
e t e r  

Sampling t r a i n  

No d i s c o l o r a t i o n  o r  
v i s i b l e  m a t t e r  i n  t h e  
f l u i d  

No damage 

Check every  3 mo f o r  
excess  o i l  o r  corro- 
s i o n  by removing 
top  p l a t e ;  check 
va lves  and diaphragm 
when meter d i a l  runs 
e r r a t i c a l l y  o r  when 
meter w i l l  n o t  Cal i -  
b r a t e  

Check p e r i o d i c a l l y ;  
change f l u i d  dur- 
i n g  y e a r l y  disassem- 
b l y  

Visua l ly  check 
every 3 mo;. com- 
p l e t e l y  disassemble 
and c l e a n  o r  rep lace  
y e a r l y  

~~ 

Replace p a r t s  
a s  needed 

Replace as 
needed 

Replace when 
l e a k i n g  o r  
when running  
e r r a t i c a l l y  

Replace p a r t s  
a s  needed, 01: 
r e p l a c e  meter 

Replace p a r t s  
a s  needed 

If f a i l u r e  
noted ,  use 
another  e n t i r e  
c o n t r o l  c o n s o l e ,  
sample box, o r  
u m b i l i c a l  c o r d  
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8.0 AUDITING PROCEDURE 
An aud i t  i s  an independent assessment of data quality. 

Independence i s  achieved by using apparatus and s tandards t h a t  
a re  d i f f e r e n t  from those used by the regular f ie ld  crew. Routine 
qua l i t y  assurance checks by a f i e l d  team are  necessary for 
obtaining good qua l i ty  data ,  but  they a re  not  par t  Of the 
audi t ing procedure. Table 8.1 a t  t he  end of t h i s  s ec t ion  sum- 
marizes t h e  qua l i t y  assurance a c t i v i t i e s  f o r  the audi t ing .  

Based on the r e s u l t s  of the  col laborat ive tests of Method 4 ,  
a performance aud i t  of data  processing and a systems aud i t  are 
recommended. These two audi t s  a re  described in the Subsections 
8 .1  and 8 .2 .  
8 .1  Performance Audit of Data Processing 

Performance aud i t s  are conducted by the auditor to *Emti- 
t a t i v e l y  evaluate  t h e  qua l i t y  of the data  produced by the t o t a l  
measurement system (sample co l lec t ion ,  sample ana lys i s ,  and data 
processing).  Due t o  t he  l i m i t e d  sizes of most emission-test ing 
companies, it is  recommended t h a t  these aud i t s  be performed by 
the responsible cont ro l  agency once during every enforcement 
source test, regard less  of whether t he  tests are conducted by 
agency o r  p r iva t e  company personnel. A source test  for enforce- 
ment comprises a series of runs a t  one source. 

Calculation e r r o r s  a re  prevalent i n  Method 4. Data proces- 
s ing e r ro r s  can be determined by audi t ing the data  recorded on 
t h e  f i e l d  and the  laboratory forms. The o r ig ina l  and the check 
ca lcu la t ions  should agree. I f  not,  a l l  o f  the data  and ca lcu la-  
t ions  should be checked. The ca lcu la t ion  e r ro r s  should be 
c lea r ly  explained t o  the source- tes t  team t o  prevent o r  m i m i m i z e  
reoccurrence. The da ta  processing e r ro r s  may a l so  be determined 
by requesting t h a t  copies of da t a  sets compiled in t h e  f i e l d  and 
copies of manual da ta  reduct ions ( o r  computer p r in tou t s  if used) 
be forwarded t o  the evaluator  f o r  audi t .  
8 . 2  Systems Audit 

A systems aud i t  is an on-si te  qua l i t a t ive  inspec t ion  and 
review o f  the qua l i ty  assurance method used by t h e  t e s t  team f o r  
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t he  t o t a l  measurement system (sample co l lec t ion ,  sample ana lys i s ,  
data  processing, etc. 1. I n i t i a l l y ,  a systems aud i t  spec i f i ed  by 
a qua l i ty  assurance coordinator should be conducted f o r  each 
enforcement source test ,  which by de f in i t i on  comprises three runs 
a t  one source. A f t e r  t he  team gains experience w i t h  the  method, 
the  frequency of audi t  may be reduced--for example, once fo r  
every four tests. 

The functions of t he  audi tor  a re  summarized by the fol- 
lowing: 

1. Observe procedures and techniques of t he  f i e l d  team 
during sample co l l ec t ion .  

2 .  Check/verify t h e  records of apparatus ca l ib ra t ion .  
3. Record the  r e s u l t s  of t he  audi t  and forward t h e m  w i t h  

comments on source team management t o  the  qua l i t y  assurance 
coordinator so t h a t  any needed correct ive act ions may be imple- 
mented. 

The audi tor  should observe the f i e l d  team's ove ra l l  per- 
formance of the source test. Specific operations t o  observe 
should include ( b u t  not  be l imi ted  t o ) :  

1. Se t t ing  up and leak  t e s t i n g  the  s a p l i n g  t r a i n .  
2. Constant r a t e  sampling check of the sampling t r a i n .  
3. Final  leak cheek of t r a i n .  
4. Sample recovery. 

Figure 8.1 is a suggested check l i s t  t o  be used by the  audi tor  f o r  
developing a l i g t  of important t.echniques/steps t o  observe. 
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Operation 

1. 

2 .  

3 .  

4. 

5 .  

6. 

7 .  

a .  

9.  

1 0 .  

Presampling preparat ion 

Knowledge of process condi t ions 

Cal ibra t ion  of p e r t i n e n t  equipment p r i o r  
t o  each f i e l d  tes t ;  i n  p a r t i c u l a r ,  the 
dry gas meter should be checked before  
each tes t  

On-site measurements 

Leak t e s t i n g  o f  sample t r a i n  a f t e r  sample 
run 

Addition of  water and s i l i c a  g e l  t o  
impingers, and c o r r e c t  l oca t ion  of  
impingers 

Constant sampling r a t e  and no t  exceeding 
spec i f i ed  r a t e  

Measurement of condensed water t o  within 
spec i f i ed  l i m i t s  

Record of p e r t i n e n t  process condi t ion 
during sample c o l l e c t i o n  

Probe maintained a t  given temperature 

Postsampling 

Calculat ion procedure/check 

Cal ibra t ion  checks 

COMMENTS 

Figure 8 .1  Method 4 c h e c k l i s t  t o  be used by audi tors .  
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Data processing 
errors 

Original and check cal- 
culations should agree 

Systems audit-- 
observance of 
technique 
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Operation/technique 
described in this sec- 
tion of the Handbook 

FOR AUDITING PROCEDURES 

T - 

Frequency of method 
of measurement 

Action if 
requirements 
are not met 

Once during every 
enforcement source 
test, do independent 
calculations starting 
with recorded data 

Check and cor- 
rect all data 
for the source 
test 

Once during every 
enforcement test 
until experience 
gained, then every 
fourth test; observe 
techniques; use audit 
checklist, Fig 8.1  

Explain to 
team the devia- 
tions from rec- 
ommended tech- 
niques; note 
the deviations 
on F i g  8.1 
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9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY 
To achieve data of desired quality, two considerations are 

necessary: (1) the measurement process must be in a state of 
statistical control, and ( 2 )  the systematic errors, when combined 
with the random variations (errors of measurement), must result 
in an acceptable level of uncertainty. To ensure good data, it 
is necessary to perform quality control checks and independent 
audits of the measurement process; and to use materials, instru- 
ments, and procedures which can be traced to a standard of 
reference. 

The working calibration standards should be traceable to 
primary or higher level standards such as those for the dry gas 

meter. The dry gas meter should be calibrated against a wet test 
meter which has been verified by an independent liquid displace- 
ment meter. 
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10.0 REFERENCE METHOD 

IN 

1.1 Pridclple. A yas sampie Is extracted 
proportionally from the source and moisture 
b removeu from the gas slrcam, condensed. 
and determinod either volumetrlcally or 
grrvlrne trlcally. 

1.1 Appllcablllty. ThF8 method lfi ap- 
plleeble for the determhation of mohture 
in stack gas. 

Two methods are glven. One Is a refercncc 
method for the accurate determimtlon of 
molsture content BS needed to calculate 
ellllssion data. The other Is an approximation 
method for molsture content to be subse- 
quently used for setting ioklnctlc sampling 
rates. For thls latter purpose. the tester a a y  
use m y  alternate means for upproxtmating 
the molsture content, e.g. drying tubes, wet 
bulb-dry bulb technlqus, condensntlon tccli- 
niques. stoichlometrlc calculations, previous 
experience, etc. However. tho nctiial Iso- 
klnetlq rate me.lnta1ned durlng 3 pollutant. 
sampllng run and the moisture oontent used 
to calculate emlssion data wlll not be based 
on t a e  results of the apprcxlmatlon method 
(6ea exceptlon In note below), but will be 
determlned from the U a t a  of the reference 
mebhod. which b normally conducted 
SlrnuStrmeously wlth a pollutant measure- 
ment run. 

Nm.-Any of the approxlmrtton mcthocls 
which are shown to the eatlsfnctlon of the 
Adminhtratlan of yleldlng results to 
wlthln 1% Hto of the reference method re- 
sults may be used in lieu of the reference 
method. 

These methods are not sppllcsble to gas 
Rtrcama that contain llquld droplets. For 
thaw cases, m u m e  that the gas stresm b 
snturated. Determlne the 'average stack gaa 
temperature uslng gauges dcscrlbed in 
Method 2 and by traversing accordlng to 
Method 1. Then obtain the molsture per- 
centago by (1) using a psychornetrlc chart 
and making appropriate correctlono. If stack 
pressure 1s different from that of the chart, 

m m  REGISTER, VOL. 42, 

for absolute prcssure or (2) by uslng aatura- 
tlon vapor pressure tableu 

2. Reference Method. 
The groccdGre for deteniilnlng molsture 

content dcscrlbed in Method 6 ls acceptable 
136 R reference method. 
2.1 Appnmtus. A schematic of the sam- 

pllng train used In thls reference method In 
shown In Figure 4-1. All components shall 
be mslntaiiiecl and calibrated according to 
the prbccdixc outlincd in Method 6. 

Probc-Sta1nle.ss steel or glass tub- 
lng, suficient!y hcated to prevent water 0011- 
dcnsation and equlppcd with a filter (Either 
lii-Stack or hcated out-shck) to remove 
pnrtlculstc InaLkr. 

2.1.2 Condeuser-Any systcm that &la 
the sample 6;s stresm and allows mcasure- 
ment of the water condciised and moisture 
leavlng the condcnscr, each to wltliln 1, ml 
or 1 6. Acceptable nicaiis arc to mensure the 
boildcnwd water rslthcr GmvlmeMcally or 
VOlUmCtrlCally and to 'mer.sure the mofsture 
leavlng the condenscr by (1) nion1t;orlng the 
temperaturc and prcnsure a t  the exit 01 the 
condensor and u4ng Dalton's law or (2) by 
passing t.lie s.?mple gns strcarfl throligh a 
tared sillcp gel trnp with cxit gases kept 
below 20' C tG.3. P) and dctcrrnlnlng the 
welght gain. 
2.1.3 Coolliig systcm--Ice bntli co:I5alncr 

and crushcd Ice. or equlvalcnt. M aid lii con- 
delising molsturc. 
2.1.4 Drying tub-Tube pnckcd wlth 6-16 

rr.e.6 Indicating-type allica gc~.  or eqiiivnlont. 
to dry thc sarnplo gD-s and protect the pump 
aiid.rlry g-s meter. This niny be nn integral 
part or the condcnacr systcm. In which cnse 
llie t u l ~  shell bc linrncrscd In the icc bath 
nncl a therindmctcr plnccd a t  thc outlct for 
monltOring purposcs. If epproach (1) of 
section 2.1.2 Is used to mcz%yrc the molsture 
lcavin,o the condenscr, tho tcn-.pcr&ture nnd 
prc.swrc niust bc'monltorcd bcfore tlic slllcn 
gel fubc. 

2.1.6 hletcrhig system-Vacuum gauge. 
lcak-free pun:p. thcrmomcters capnblc of 
measuring tcnipcrature to  wlthln 3' 0 (6.4' 
'F), dry gas nictcr wlth e2 pcrcent accurncy, 
aiid rclatcrl cqulpmcnt, or othcr mctorlng 
systems spproved by the Adinhiltrator. tw 
requlred to malntaln a proportlonnl mnlpllng 
rate and to deterrnlnc sample gas volillne. 

2.1.6 Bnroinctcr-Mcrcury. nnerold, or 
other Ixrromctelu capable of iiicnsuring 
atintxpiieric prcssure to wltli'ln 2.6 mm Hg 
(0.1 ln. Hg). In many cascs, the barometrlc 
roading inny t e  obklned from a nenrby 
weather bureau station. In which case the 
stntion value (which h tho nbsoluto baro- 
niciric preisurc) shnll be rccluestcc; and an 
adfustnlcnt icir clcvatlon dllrcrclices bctween 
thc weathcr st%Lion and the szmpllng point 
0 1 l d  bc npj)liwl at a ml;o of inlnus 2.5 mm 
€ 1 ~  (0.1 in. Ilg) per 30 m (100 i t )  elcvatlon 
Incrcnse or vlco vorm for elevatlon dcorense. 

2.1.1 

No. 16O+llWRSDAY, AUGUST 18, 1977 
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PITOT MANOM& I 

Figure 4-1. Moislure sampling bein-relormce ntelhcd. 

US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 2 rather than the method presented.
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I MPINGER SILICA GEL 

. . .  

. .  VOLUME, WEIGHT, 
. ml , 9  

FINAL ' 

. . :  . 
INITIAL 

DIFFERENCE 

, 

- . 1 -  
, Figure 4-3. Analytical 

21.7 Pitot tubgcTyPs 8, or cquivaept. 
r-ed to pmbe to allow OOnBtapt ~ n l t o r -  

of the a*k gas velocrty 80 thst t h e  

oauonal 0 the stack gas velocity. The tlp 
d a mbe and plW tube shall be adjacent 
b r ~ h  other and the tree spsce between 
tb.as shall be h u t  1.9 cm (0.76 la). When 

,pwd w i t h  thl.9 method. the pitot tube need 
Pot k OpllbratCd. 

9.1.8 DWerentlaI pres%ure gusge-In- 
ellnad manometer capable or measuring 
nbdty head to wlthln 10 percent or the 
rmnimum measured value or f0.013 mm 
(0.4006 ln.) , in Whtchever is greater. Below a 
WuenW preseure of 1.3 mm (0.06 in.) 

gauge, micromanometen, with  BBpsd- 
U- of 0.013 xnta (0.0006 in.) should be 
used. Hmrever, mkromanometem me not 
W y  adaptable to Ueld mndltlons and are 

'no& rury to use with the pulaetlng flow. n u s ,  
mothods or other devices acceptable to the 
Admlni8tmtor p@y be used when Oondltlons 
NMt .  

9.1s Tempexatwe gauge--?aatmocouple. 
UQUM $Wed bulb themnometer, blm&aUic 
ttunnometer. mercury-in-glsaa thermometer, 
or &her gauge8 thst am capable or m w -  
ipr trmpemture to wlthln 1.6 percent of the 
m u m  absolute lltaok temperature. 

-To memure condensed water snd 
rroLrhus caught in tho slllca gel to wit- 1 
ml w 1 g. Wuated oyllndem shall have 
mbdlrrMons no grater taen 1 ml. Moef lab- 
artap balances are apble  of welghlng to 

marest 0 5  g or law. These balances ere 
rrdtrble for uw here. 
' 1.1.11 Temperahre and pressure gaug- 

X  ton's low b ueed to monitor tempera- .* ond pteaaue at condenser outlet, The 
' Wmperature gauge shall have an scauracp of 

1.0 (a. B) , The presaure gauge s4aU be capa- 
bio 02 meeeuring pressure to wlthin 2.6 mm 
4 (0.1 Ln. Eg) . 

S.1.m Slllca gel-= used to measure 
.rkture leavlng condemr, lndlcatlng type, 
Cis mssh. If pmvlouely used, dry at 175' 0 
(-0 F) ror 2 r~ours. New dice gel may be - aa received. 
91 M u r e .  The procedure below b 

Wtten for e 00ndeme.r system lncorporcutlng 
IIW. gel and gravlmetrlc analyala to measure 

molritwre leaving the andelleer and volu- 
.w t r lc  analysis to measure the condensed 
M u m .  aal select the sampling site and mtnl- 
mua~ aumw 6f  bunpllng polnta pcrcordlng 

.UagUW tLoW mb Cen be ngulated PrO- 

S.l.10 OrsdUated qllnder bsl- 

Cy.taod 1 OC M W U C d  by -0 A w n -  -. mt.lpplrw - rmg. oi ~ ~ i a a t f  
~ a r r r l n o ~ . t m ~  dor th.prrpowor mrlt- 
io# Oroportlolul rrmgtlng mt. eplouldtlom. 

data-reference method. . 
6eleet a suitable velocity head to correspond 
to about 0.014 m./mln (0.6 crm). seiact 
eultable probe and probe length such that aU 
traverse points a n  be sampled. COMlder 
sanzpllng from opposite sided (row tow 
sampllng ports) rw large s&k~ to enable 
use of ShOrteT probe lengths. Marlr probe wlfh 
heat resistant tape or by some other method 
to denote the propor &stance lnto the stack 
or duct for emh aampllng polnt. Weigh and 
reoowi welght of slllca gel to the nearcat 0.6 g. 

Select a sultable total sampling tIme 
of no less than 1 hour such that a minimum 
tot01 gas sample volume or 0.6 rn' (20 rv) at 
standard conditions wl l l  be collected and the 
sampling time per traverse pol& Is not lasa 
than 2 mln., or 8ome greater tMe interval 
89 specifled by the Admlnlstrator. 
22.3 8et up the sampling traln as shown 

02 Figure 4-1. Turn on the pmbe hating sp- 
tern to about 120' C (248. P) 80 88 to prevent 
water wndensatlon and allow time for tem- 
pera- to stabilize. Piece crushed Ice in 
the ice bath oontalner. Leak check the trdn 
by plugglng the probe lnlet and pulllng a 980 
mm Hg (15 Ln. Hg) vacuum A leakage rate 
in  excesa or 4 percent or the average sampling 
rate or 0.00067 mVmln. (0.02 cfrn), whkh 
ever la less. Is w c e p t a b l e .  

22.4 During the sampling run, maintatn 
a sampllng rate wlthln 20 percent, or (LB spso- 
ltied by the Administrator, Of COllRteIIt 
proportionality. For each run, record tbe 
data required on the example deta sheet 
sh6W-n in Flgure 4-2. Be sure to record the 
lnitlal dry gaa meter readlng. Record the dry 
gas meter readlng at the beglnning and end 
of each sampling tlme lncrement. when 
changes ln tiow rates are made, and when 
ssmpllng b halted. Take other date polnt 
readlngs at each sample polnt a t  least once 
durlng eachklrne increment. 
2.2.6 To h g l n  mmpllng posltlon the prob 

tlp at the fmt traverse polnt. Immediat4lf 
start the pump and adjust the flow to pto- 
portiona~ wndltiona. Traverse the crow ~ b c -  
tlon. Add  more lce and. &f necessary, salt ta 
maintain a temperature or 1- than 20. a 
(68. F) at the slllca gel outlet to avoid exam- 
slve molature losses. 
2.2.6 Aftor collecting the aample. measure 

222  

' 

tho volume.increase or the llquld to the neu-  
est 1 mI. Determlne the increase In welga( 
of the'slllca gel tube to the nearest 0.6 g. 
Record the information (see example, data 
sheet, Figure 4-3) and calculate the rnol8twa 
percentage. 
2.3 Calculations. 'Carry out catculatlom, 

rstalnlng .t least one extra dsdrrul llgU?O 
beyond that of the acquired d-, Round OE 
nguroo .iter nnal calculstion. 
1.3.1 Nomenctaturo. 

US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 2 rather than the method presented.



B,,=Pro ortion by volume 
alp-= Xorecular n-eight of n-at.er, 18 g/g-mila (18 lb/lb-moIe) 
P,-Absolute pressure (for this method, same a3 barometria presswe) i t  the drp - 

gRs rnelkr, mm Hg (in. HE) 

21.S3 (in. H ~ ) I ~ t J ~ l ~ b - m o l e ~ / ( I b - m o l e ) ( ~ R $  €or English units 
P,d=StandPrd absolute pressure, 760 mm'Hg (29.92 In. Hg) 

R=Ided g s  constant, 0.06236 (mm hg)(mS)/( -mole)(OK) for metrIc unfts snd 
Y . .  .. . 

T,- AGsofute'tempernture a t  meter, 'Ko(DR) 

V,= Dry gas volume measured by meter, dcm (dcf) 
Tdd= Absolute temperature, 293' K (528 R) 

Va(.tdl = Dry gas volume measured by the dry gns meter, corrected to standard condi- 
tions, dscm (dscf) 

FJ9 (ft? 

V,,(,d)=Volume of viater vapor condensed corrected to standard, conditions, ma (ft') 
VILO(.td) --Volume of water vapor collected in siIica gel corrected to standard conditions, 

VI-Final volume of condenser contents, ml 
V1-Initial volume, if any, of condenser contentg, ml 

Wl=Initial weight of condenser contents, g 
p.==Density of water, 1 g/ml (0.00220 1bjq.l) 

. WI==Final weight of condenser contents, g 

13.a Volume of water vapor condensed. 
(VI-VI )F-RT.M 

V.o(itd)= ~ , , ~ h . i ,  
,K"- V P m  

T, Equation 4-3 
where: 
K-0.3855 OK/rnm Hg for metric units 
-17.65 OR/in. Hg for Enghsh units 
2.3.5 ALoisture Content: 

= ~ ( v ~ - v ~ )  Equation 4'1 

where: 

K=0.00134 m $ / d  for metric units 

-0.0472 ftJ/ml for English units Equation 4-4 
2.3.3 Volume of water vapor collected ln 2.3.6 Proportlonal Eismplhg Wnstfint- 

sillca gel. For each t1me Increment, calculats 

=K(W1-K,) 

Equation 

where: 

K-0.00134 mS/g for metria units- 

-0.0472 fV/g  for English units 
1.3.4 oas volume. - .. 

Calculate the average. If the'value for any 
time lncrement falls beyond 20 percent of the 
averase, reject the resulta and do run over. 

T h e  approxtmstlon method descrlbed be- 
low Is presented only as a suggested method. 
3.1 Apparatus. 
8.1.1 Probe-Stalnlesa steel or glass tub- 

ing suftlclently heated to prevent w s t u  con- 
deMatIon and equlpped wlth s fflter (either 
in-stack or heated out-stack) to remove par- 

1.13 Imp:ngerr--Two mldget Implngers. 

4-2 3. Approximation Method. . 

' ticulate matter. ' each Mtb 30 ml CPpaCltr, or .pulW?ent. 

MIDGET IhlPlNCERS '/ PUMP' 

Flgure 4-4. Molslure-sampllng train. 

. .  

LOCATION COMMENrS 

- 7EST 
DATE 
OPERATOR 

. .  UAROMETRIC PaESSURE 

0 
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3.1.8 Ice bath4ontelner bnd Ice; to .Lb T,,,=B-dard ~1~~ mperaturo, 
in condenslng molsture In lmplngem. 

3.1.4 Drylng tube-”urube wed wlth  6-18 
mmh tndlcatlng-type rillcs gel, or equlrJent, 
to the sample gas and to mtu3t the 
meter and pump. 

urmple gas flow rate. 

or equlvalent. to pull gas through tlle traln. 
Volume metur-DTp gas meter, a- 

nclently accurate to measure the sample vol- 
ume within 2 percent, and calibrated over the 

9930 K (628. R) . .  
v,-- volume at i m p ~  ooa- wlwe: -- 

X-O.OOlaC d/d for metzio w+b 
a.l.6 Valve-Needle valve, to’ regulate- tenb,d .I p.0.0472 f P / d  for Englleb Unib ~ 

8.1.8 Pump-Leak-free, dlaphragm tppe, gas meter, dom (dcf) ass ~sep.dume. 

~ 

fenb, ml 
v,=‘hit&l volume of impinger con- 

V-= Dry gas volume measured by dry 

gae meter,. corrected to n-3 
ard conditions, h c m  (&of) 

. *  - 
8.1.7 V-(.&d6Dry g a  volume measured by 

V-P, ME- range 6f flow rates and conditions wtuay V..(.a)=Volume of water vapor con- . .  
used durlng sampling. densed, corrected to ntsndard T, 9.1.8 Rate meter-Rotameter. to measure conditions, ma (fV) 

3.1.9 Graduated cyllnder-26 ml. 
3.1.10 Bnrometer-Mercury. aneroid. 01 83s Volume of water vapor cauected. xs0’3865 

pl= Density of water, 1 Jml (0.00220 where: the flow range from o to 9 1pm (0 to 0.11 
cfm) . 

other barometers capable of mesauring . -17.65 ORrm. H g  for Engliab u n h  
(0.1 ln. Hg). In many cases. the barometric V,, = P.uM- ’ 
readlng may be obtalned from a nearby 
weather bureau statlon, in whlch case the 
BtBtlOII value (whlch is the S b s o l U t e  baro- 
metric pressure) shall be requested and an 
odfustment for elevatlon dlfferences between 4. C a l i b t a h .  
the weather station and snmpllng point shall 4.1 I J ~  metho& and squlpment od qnc- 
be applled at a rate of mlnua 2.6 mm Hg m& b Methods 1 d 6 Ond -76 00 
(0.1 in m) per 30 m (100 it) elevatfon in- d i b m t e  dry ges meter, barometer, and thU- 
Cn?- or vice Vera for elevation decreases. -mdm. 

8.1.11 Vacuum gauge-At least 760 mm 
H g  (so in. Hg) gauge. to be u s e d  for the 

Dentelson. J. A. (ed.). US. DEEW. pa8. Ha* M.mpUng leak check. 
3 9  Procedure. 
33.1 Place exactly 6 ml distilled water ln tLonsl Ce- ‘Or Pollution CUl- 

each lmplnger. Aasemble the apparatus cLPnatf *** pas me*F- 
arithout the probe as shown in Figure so- 
Leak check by placing a vacuum gauge at the 6.2 Devorkln, Howard, et  el., Polhtb* 
Inlet to the &t lmplnger and dmwlng e &urceTestingMan~,AirPollutbnCo- 
vacuum of at least as0 mm Hg (10 in. ag) .  Mstrlct. ?,ce Angel- W., November 
plugglng the outlet of the robmeter. and 6.9 Methods for Detennlaotlon Of VeldtY, 
then turning off the pump. The vacuum shall Volume, Dust a d  Mist COntenR Of 
rematn constant for a least one minute. westera Prffigltethn Divtebt~ of JOY YaaU- 
care full^ release the vacuum gauge before factmng Co., lae melee, c2rlliw BuUMu 
relaashg tho rotameter end. WP-60. 1968. 
3.29 Connect the probe and sample at  a 

constant rate of 2 lpm (0.071 cfm) . Continuo 
sampling untll the dry gae-meter regleterr 
about 30 liters (1.1 fU) or untll visible llquld 
droplet6 are carried over from t h e  flrst lm- 
plnger to the second. Record temperatun, 
pressure, and dry gee meter r u n g s  811 ra- 
qulred by F l y r e  4-6. 
836 After collectlng the sample, comblru 

the Eontents of the two implngere and meu- 
w e  volume to the nearest 0.6 ml. 
3.8 Calculations. The oalculatlon method 

preoentod b deslgned to estimete the mob. 
ture in the steck gaa and therefore other 
data, whlah are only necesserp-for accur~te  
molstum determlllatlone. u e  not colleataed 
The following equations adequately eetimrt. 
the molsture contp t  for the purpose of Ue- 
tarmlnlng lsoklnetlc ampling rate mttlngm. 

B,,=Approximate water vapor in the 
gas stream leaving the im- 

VOlUnlC 
B..=Watcr vapor in the gaa strcam, 

proportion by volumc 
M,=Molecular weight of water, 18 , 

g/g-mole (18 lb/Ib-molc) 
P-=Absolute prcamre (for thls 

method m m c  a3 barometrio 
pressuri) at the dry gas meter 

Pdd=Standard absolute prearure, 760 
mm flg (29.92 in. Hg) 

P=Idcal g9-s constant 0.06236 (mm 
11g) (m3)/(g-moic) ( O K )  for met, 
ric units and 21.83 in. €I ) (ft’)/ 
(lb-mole) (OR) for kngh% units 

T-=Abwlute temperature at metcr, 
% c w  

Ib/ml) 
Hg for metric - 

atmospherlc pressure to wlthln -2.6 mm H g  (Vf-vi)~-RT.td- 

V“ 
8.8.4 &proxhna* mol8tum oontgnt. 

- -  
+*-- V,+ V d d  =-=V,+V,cd 

~ : l & i ~ ~ ~ l u t l o n  

8.8.1 Nomenclature. 

I pmgcr, 0.026 proportion by 

US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 2 rather than the method presented.
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12.0 DATA FORMS 
Blank data forms are provided 0x1 the following pages for the 

convenience of the Handbook user. Each blank form has the cus- 
tomary descriptive title centered at the top of the page. How- 
ever, the section-page documentation in the top right-hand corner 
of each page of other sections has been replaced with a number in 
the lower right-hand corner that will enable the user to identify 
and refer to a similar filled-in form in a text section. For 
example, Form M4-1.2 indicates that the form is Figure 1.2 in 
Section 3.3.1 of the Method 4 Handbook. Future revisions of 
these forms, if any, can be documented by 1 . 2 A ,  1.2B, etc. 
Eight of the blank forms listed below are included in this sec- 
tion. Four are in the Method Highlights Section, as shown by the 
MH following the form number. 

Form 
1 .2  
2.3A &I B 

2.4A & B 

2.5 (MH) 
3.1 (MH) 
4.1 (rn) 
4.2 
4.3 
5.1 (MH) 
6.lA & B 

6.1.C 

8.1 

Title 
Procurement Log 
Meter Box Calibration Data and Calculation 
Farm (English and Metric units) 
Posttest Meter Calibration Data Form 
(English and Metric units) 
Pretest Sampling Checks 
Pretest Preparation Checklist 
On-Site Measurement Checklist 
Method 4 Field and Sample Recovery Data Form 
MethQd 4 Analytical Data Form 
Posttest Equipment Checks 
Moisture Content Calculation Form 
(English and Metric units) 
Moisture Content Calculation Form 
(English and Metric units) 
Method 4 Checklist To Be Used By Auditors 
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METER BOX CALIBRATION DATA AND CALCULATION FORM 

(English u n i t s )  

Date Meter box number 

Barometric p r e s s u r e  - i n .  Hg Cal ibra ted  by pb - 
I 

O r i f i c e  P= Wet t e s t  
manometer I meter 

s e t t i n g  (Vw), 
(AH> 9 

i n .  H,O €t3 

0 . 5  I 5 

1.0 1 5 

3.0 I 10 

4.0 I 10 

0 . 5  

1.0 

1.5 
- 

2.0 

3 . 0  

4 .0  

Temperature 

meter 

0 

Time  
(0) y 

min - 

-t 

~ ~ ~- 

0.0368 

0.0737 

0.110 

0.147 

0.221 

0.294 

a I f  t h e r e  i s  o n l y  one thermometer on t h e  d r y  gas  meter ,  record  t h e  tempera ture  
under t d '  

Q u a l i t y  Assurance Handbook M4-2.3A (front s i d e )  



METER BOX CALIBRATION DATA AND CALCULATION FORM (English u n i t s )  
Nomenclature: 

Vw = G a s  volume passing through t h e  w e t  test  meter, f t 3 .  

Vd = G a s  volume passing through the  d r y  gas meter, f t 3 .  

tw = Temperature of t h e  gas i n  the  w e t  test  metes, OF. 

t d  = Temperature of t he  i n l e t  gas of t h e  dry gas meter, O F .  

i 

td = Temperature of the o u t l e t  gas of the  dry gas meter, O F .  

0 

t d  = Average temperature of the gas i n  the  dry gas meter, obtained by the  average t d  

AH = Pressure d i f f e r e n t i a l  across o r i f i c e ,  i n .  H20 .  

Yi = Ratio of accuracy of wet t e s t  meter t o  dry gas meter fo r  each run; tolerance Yi = 

and 
t , O F .  i 

Y f0.02Y. 

Y = Average r a t i o  of accuracy of  w e t  tes t  meter t o  dry gas meter fo r  a l l  s i x  runs; 
tolerance Y = Y f0 .01Y.  

3 
AH@i = Orif ice  presslire d i f f e r e n t i a l  a t  each flow r a t e  t h a t  gives 0.75 f t  /min of a i r  a t  

standard conditions for  each ca l ib ra t ion  run, i n .  H 2 0 ;  to lerance = AH@ f 0 . 1 5  
(recommended). 

3 
AH@ = Average o r i f i c e  pressure d i f f e r e n t i a l  t h a t  gives 0 .75  f t  /min of a i r  a t  standard 

conditions fo r  a l l  s i x  runs, i n .  H20; tolerance = 1.84 f 0 . 2 5  (recommended). 

8 = Time f o r  each ca l ib ra t ion  run, min. 

Pb = Barometric prcssure,  i n .  Hg. 

Q u a l i t y  Assurance Handbook M4-2.3A (back s i d e )  



Date 

Wet t e s t  
meter 

( t w ) >  

O C  

METER BOX CALIBRATION DATA AND CALCULATION FORM 

(Metric u n i t s )  

, Dry gas meter 
I n l e t  O u t l e t  AvgQ 
( td . )9  (td 1 9  ( td) ,  

1 0 

O C  O C  O C  

Meter box number 

Vw Pb(td + 273) 

rn Y. = 
1 

'd('d + 13.6) (tw + 273) 

Barometric p r e s s u r e ,  P = - mm Hg C a l i b r a t e d  by 

(tw + 273) 0 

AHq = Pb ( t d  + 273) 

O r i f i c e  
manometer 

s e t t i n g  

mm H20 

10 

25 

(Am 9 

40 

50 

75 

100 

--+--- 
100 I 7.35 

meter meter 

0.15 

0.15 

0.30 

0.30 

0.30 

0.30 

Time I i 

I 

I 

a I f  t h e r e  i s  only  one thermometer on t h e  dry  gas  meter, record  t h e  tempera ture  
under t d '  

Quality Assurance Handbook M4-2.3B ( f r o n t  sides 



METER BOX CALIBRATION DATA AND CALCULATION FORM (metric units) 
Nomenclature: 

3 Gas volume passing through the wet test meter, m . 
Gas volume passing through the dry gas meter, m . 
Temperature of the gas in the wet test meter, "C. 

Temperature of the inlet gas of the dry gas meter, OC. 

3 

Temperature of the outlet gas of the dry gas meter, OC. 

Average temperature of the gas in the dry gas meter, obtained by the average of td 
t, , OC. i 

and 

0 U 

Pressure differential across orifice, mm H20. 

Ratio of accuracy of wet test meter to dry gas meter for each run; tolerance Yi = 

Average ratio of accuracy of wettest meter to dry gas meter for all six runs; 
tolerance Y = Y - +O.OlY. 

Y - +O.O2Y. 

Orifice pressure differential at each flow rate that gives 0.021 m' of air at standard 
conditions for each calibration run, mm H20; tolerance AH@i = AH@ - +3.8 mm H20 
(recommended). 

Average orifice pressure differential that gives 0.021 m' of air at standard con- 
ditions for all six runs, mm H20; tolerance AH@ = 46.74 - + 6 . 3  mm H20 (recommended). 

Time of each calibration run, min. 

Barometric pressure, mm Hg. 

Quality Assurance Handbook M4-2.3B (back side) 



POSTTEST DRY GAS METER CALIBRATION DATA FORM (English units) 

Orif  i c e  
manometer 
s e t t i n g ,  

T e s t  number Date Meter box number 

Barometric p r e s s u r e ,  Ph - i n .  Hg Dry gas meter number - 

Gas volume Temperature 
Wet tes t  Dry gas Wet tes t  Dry gas meter 
meter meter meter I n l e t  I O u t l e t  1 Average 

I 10 I 
I 10 I I I I I I 

I 

Vacuum 
s e t t i n g ,  

i n .  Hg 

P l a n t  

P r e t e s t  Y 

‘i 

Y =  
a 

where 

I f  t h e r e  i s  only  one thermometer on t h e  d r y  gas meter, record t h e  temperature under td 

3 

3 
V = Gas volume passing through t h e  w e t  t e s t  meter, f t  . 
Vd = Gas volume passing through t h e  d r y  gas meter, f t  . 
tw = Temperature of t h e  gas  i n  t h e  wet t e s t  meter ,  OF. 

W 

td 

td 

= Temperature of t h e  i n l e t  gas of t h e  dry gas 

= Temperature of t h e  o u t l e t  gas of  t h e  dry  gas 

meter, OF. 
i 

meter, OF. 

0 

td = Average temperature of t h e  gas i n  t h e  dry  gas 

AH = Pressure  d i f f e r e n t i a l  a c r o s s  o r i f i c e ,  i n .  H20. 

Yi = Rat io  of accuracy of wet t es t  meter t o  d r y  gas 

meter, obtained by t h e  average of td and td , OF. 
i 0 

meter f o r  each run. 

Y = Average r a t i o  of  accuracy of wet t es t  meter t o  d r y  gas meter f o r  a l l  t h r e e  runs ;  
to le rance  = p r e t e s t  Y - +O.O5Y. 

Pb = Barometric p r e s s u r e ,  i n .  Hg. r * l  ‘\I 

I’ : 
- I  

0 = T i m  of c a l i b r a t i o n  r u n ,  m i n .  

Quality Assurance Handbook M4-2.4A 



POSTTES7 METER CALIBRATION DATA FORM (Metric u n i t s )  
Test number Date Meter box number - P l a n t  

Barometric p r e s s u r e ,  P,, - - m n  Hg Dry gas meter number P r e t e s t  Y 
Y 

I I I 

O r i f i c e  
manometer 
s e t t i n g  , 

nun H20 
(AH) , 

Gas volume - 

meter meter 

TemDerature I 
Wet t e s t  

T ime  

min 
(0) Y 

I 10 I I I  

I 10 I I L  

'i Vacuum 
s e t t i n g ,  

Hg 

--t 

'i 

'w 'b (td + 273) 

a 

where 
d I f  t h e r e  i s  only  one thermometer on t h e  dry gas meter, record t h e  temperature  under t 

3 V = Gas volume passing through t h e  w e t  t e s t  meter ,  m . 
3 Vd = Gas volume passing through t h e  d r y  gas meter, m . 

tw = Temperature of t h e  gas i n  t h e  w e t  t e s t  meter, OC. 

W 

td 

td 

= Temperature of t h e  i n l e t  gas of t h e  dry  gas meter, OC. 

= Temperature of t h e  o u t l e t  gas  o f  t h e  d r y  gas meter, OC. 

i 

0 

td = Average temperature of t h e  gas i n  t h e  d r y  gas meter, obtained by t h e  average of t 

AH = Pressure  d i f f e r e n t i a l  a c r o s s  o r i f i c e ,  nun M20. 
Yi = Rat io  of accuracy of w e t  t e s t  meter t o  d r y  gas meter f o r  each run. 

and td , O C .  

di 0 

\ \  
Y = Average r a t i o  of accuracy of wet test meter t o  dry gas meter for  a l l  t h r e e  runs;  

t o l e r a n c e  = pretest. Y +O.O5Y. 

" 3 *, 
- 

Pb = Barometric p r e s s u r e ,  mm Hg. 

0 = Timc of c n l i h r a L i o n  riin,  m i n .  

C 'ity Assurance Handbook M4-2.4B 

1 ,  



METHOD 4 FIELD AND SAMPLE RECOVERY DATA FORM 

Impinger 
volume 

ml 

P l a n t  Probe material 
Location Sample box number 
Opera to r 
Date Meter AH@ 

Meter box number 

Silica gel 
weight, 

g 

Run number Meter cal. (Y) 
Ambient temperature Final leak rate 
Barometric Dressure Vacuum during leak check 

Meter 
reading 

gas sample 
volume, 

m3 (ft3) 

" 
Probe lengtlh m(ft) The rmome t er number 

Gas sample temperature 
at dry gas meter 

Inlet Outlet 

;k 
AVm ) 

m3 (ft3) (Tmin)"C("F) (Tmo,t>"C(oF) 

Traverse 
point 
number 

S amp 1 ing 
time (0) , 

min 

Total 

Stack 
t empe f - 
a ture 

"C (OF) 

Static pressure 

Pressure 
1 differential 

across 
orifice meter 

rnm (in.) H20 
, 

I 
I 

I I 
I I 1 I 
Final 

Initial 

' i  I I 
I I I 

Temperature 
of gas 
leaving 

condenser or 
last impinger, 

OC ( O F )  

~ ~ 

Average 
- . .  . . . 



METHOD 4 ANALYTICAL DATA FORM 

Plant 

Date 

Run number 

Initial 

Liquid collected 

~ .~ 

Volume of liquid 
water collected 

Impinger silica gel 
volume, 

I q* I ml 

* Convert weight of water to volume by dividing total weight 
increase by density of water (1 g/ml): 

.* = water volume, ml. 

Quality Assurance Handbook M4-4.3 



MOISTURE CONTENT CALCULATION FORM 
(English units) 

VOLUME OF WATER VAPOR CONDENSED IN IMPINGERS 

- - - -  . ml Vf - - - -  . ml, Vi = 

'wc (std) = 0.04707 (Vf - Vi) = - - -  ft3 Equation 6-1 - -  

VOLUME OF WATER VAPOR COLLECTED IN SILICA GEL 
- 

W f - - - -  - 91 Wl = - - -  . - g  
"wsg( s td ) = 0.04715 (Wf - Wi) = - - -  f t3 Equation 6-2 - 

SAMPLE VOLUME 

Equation 6-4 - - - -  - - - "wc(std + "wsq(std 
Bws 'wc(std) + vwig(std) + 'm:std] - 

Quality Assurance Handbook M4-6.1A 



MOISTURE CONTENT CALCULATION FORM 
(Metric units) 

VOLUME OF WATER VAPOR CONDENSED IN IMPINGERS 

. ml - - - -  . ml, vi - V f - - - -  - 

Equation 6-1 3 m - - - - -  'wc( s t d )  = 0.001333 (Vf - Vi) = 

VOLUME OF WATER VAPOR COLLECTED IN SILICA GEL 

3 m - - - -  - - =  - 'm 'rn 
Tm 

= 0.3858 'm( std) Equation 6-3 

MOISTURE CONTENT 

- 3 - - - -  m l  - - - - m f  "wsg(std) - . 'wc(std) - 
m 

- - 3 - 
3 - - - - - -  'm(std) - 

- Equation 6-4 - - - -  - Vwc(std) + 'wsg(std) 
BwEi - 'WC ( s td ) + "wsg(std) + 'm(std) 

- 

Quality Assurance Handbook M4-6.1B 



MOISTURE CONTENT CALCULATION FORM 
(English and metric units) 

MOISTURE CONTENT 

OC - -  - -  . - . O F ,  - - -  ts avg = 

'bar - - * 

'static - -  in. H20, - - . - -  mm H20 

S.V.P. = - - -  in. Hg, . - mm Hg 

. - nun Hg - - -  in. Hg, - - - -  

- - - -  

- -  

- - -  = o .  - S.V.P - - 
B W S  + 'static 

'bar 13.6 

Quality Assurance Handbook M4-6.1C 



METHOD 4 CHECKLIST TO BE USED BY AUDITORS 

Yes No Operation 

Presampling preparation 

1. 

2. 

3 .  

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Knowledge of process conditions 

Calibration of pertinent equipment prior 
to each field test; in particular, the 
dry gas meter should be checked before 
each test 

On-site measurements 

Leak testing of sample train after sample 
run 

Addition of water and silica gel to 
impingers, and correct location of 
impingers 

Constant sampling rate and not exceeding 
specified rate 

Measurement of condensed water to within 
specified limits 

Record of pertinent process condition 
during sample collection 

Probe maintained at given temperature 

Postsampling 

Calculation procedure/check 

Calibration checks 

COMMENTS 

Quality Assurance Handbook M4-8.1 




